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Section Project Overview1:

1.1 Project Background
The Madsen creek Subbasin, shown in Figure 1.1.1, has experienced significant urban

development over the last 40 years. This development has taken its toll on both habitat and

the natural drainage systems, resulting in flooding and erosion on a regular basis throughout

the basin. In April 1986, the King county council adopted Resolution 6018, forming the

Basin Reconnaissance Program. This program called for the reconnaissance and evaluation

of drainage basins within King County to identify and assess drainage problem areas. The

Cedar River Basin Current & Future Conditions Report was completed by the County in

April 1993. The report provided a comprehensive assessment of the condition ofCedar

River Basin. Degradation of conditions of Madsen creek, a tributary of the cedar River, is

brought on mainiy by large areas of impervious surfaces that generate high flows, rezulting in

severe erosion and sedimentation of the natural drainage system. Habitat within Madsen

Creek has also been damaged, or destroyed, due to degradation of water quality, loss of
vegetation, and the filling of wetlands.

A King County study team outlined measures in the Cedar River Draft Basin and Nonpoint

Pollution Actiin Plan to mitigate current and future flooding and habitat problems. one of
the key elements of their report identified measures to mitigate present damage by

establishing a number ofregional detention and water quality facilities within the basin to

filter polluiants and sediments, stabilize large organic debris and streambed loads, and reduce

peak ilow conditions within the sheam systems. one ofthe regional detention facility

projects proposed for the Lower Cedar River Basin is the Bonneville Power Administration
(BPA) Madsen Creek Pond facilitY.

1.2 Project DescriPtion

The King county Department ofNatural Resources and Parks proposes to constnict a

28-acre-foot detention and water quality facility. The construction wili consist of two cells, a

control outlet structure and conduit system, an emergency overflow structure, a drain valve, a

25-foot-wide emergency spillway, and a 9.5-foot-high berm along the north perimeter ofthe

pond. The pond will provide 2.5 feet ofdead storage for water quality and incorporate_

vegetation ior habitat. Construction of the pond will also include installing 100 feet ofa
hiih-density solid wall polyethylene (SryPE) pipe near the outlet in preparation ofpossible

fuiure constn-rction. Poisible future construction would encompass tying into the SWPE line

with additional SWPE pipe and structures to direct the flows overland if further degradation

of Northwest ravine continues.

The pond will provide detention and water quality treatrnent for a drainage area of67'5 acres.

The pond will te located east of l40th Way Southeast and north of Southeast 162nd Place,

on pioperty owned by King County but within a 650-lbot-wide BPA right-of-way' The

projecf site is located in Section 27, Township 23, and Range 5 East, as shown in
Fieure 1.2.1.

I
I
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MADSEN CREEK WEST BASIN WATER QUALITY IMPROVEMENT ENGINEERING DESIGN REPORT

1.3 Facility Design Standards

County design criterion for the development ofregional detention facilities provides for
optimizing peak flow reduction and duration and habitat enhancement through stormwater

detention. The pond design closely follows the guidelines set forth in the 1998 King County

Surface Water Design Manual.

At the crest of spillway, the total impoundment volume of Madsen Creek Pond is

approximately 28 acre-feet. This includes 2.13 feet of freeboard above the water surface

elevation of the 100-year storm event. The Dam Safety Regulations are applicable to dams

that can impound a volume of l0 acre-feet or more of water above natural ground as

measured at the dam crest elevation. This project proposal falls under the jurisdictional

threshold and is therefore subject to the requirements of the Washington State Department of
Ecology (WSDOE) Dan Safety Guidelines.

1.4 FacilityClassification
The height of the impounding banier is 9.3 feet. Based on Table 1: Dam Size classification

of the Dam Safety Guidelines (Appendix A), the height of the embankment is less than the

l5-foot threshold. Thus, the dam size classification is small.

The purposes of the pond are to detain flow and provide water quality treatment for runoff
generated from 67.5 acres ofa high-density residential area. Based on Table 2: Reservoir

operation classification of rbe Dam safety Guidelines (Appendix A), the reservoir operation

classification ofthe pond is a permanent pool. The determining factor is a permanent dead

storage pool of2.5 feet for water quality.

1.5 Permits
The purposes of the pond are to detain flow and provide water quality treatment. A State

Environmental Policy Act process was initiated in February 2001. A King County grading

permit was issued for Phase I of the pond construction. Phase I work includes building a
iefueling road, preparing the site (mowing), and installing a gate at ttre access road. These

aotivities were completed in 2001. Issuance of a grading permit for construction of the pond

berm is contingent on receiving a dam safety permit.

0/02-2:M104 12n2n2
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Section Hydrologic and Hydraulic Analysis

In February 2000, a King County study team outlined several measures in the Madsen Creek

Tributaries Stabilization and Enhancement Proposal. The proposal presented design
concepts to reduce erosion, improve water quality, and enhance fish and stream habitat. One

concept includes constructing a pond for detention and water quality at a location, as shown

in previous Figure 1.2. L

The projict proposes to detain and treat runoff from a contributing area of 67.5 acres. The
proposed pond will decrease flow rates below those that existed in pre-development, forested

conditions. The 67.5 acres is comprised oftwo subbasins, 19and 15, as identified in
Appendix F. Flows from the subbasins are inadequately detained, with no water quality
facilities before joining with Madsen Creek. Runoff from subbasin 19 flows into the

northwest tributary of Madsen Creek. Runoff from subbasin 15 currently flows into the west

tributary of Madsen Creek.

The west tributary has suffered damaging effects of inadequately controlled runoff. The
proposal is to redirect flows ofsubbasin 15 through a new bypass line northwesterly to the
proposed new combination water quality and detention pond. From there, the flows will be

directed to Madsen Creek from the northwest tributary basin area. Table 2.1 below lists the
pre-developed and existing land use and acreage attributed to each subbasin.

Basin
SUF
basin

Description

Pre-Developed (Ac) Developed (Existing) (Ac)

Pervious Tiil
Forest

Pervious Till
Grass lmpervious Total

Northwest
Tributary 19

High-Density, Single-
Family Residential 43.12 31.53 '11.59 43.12

West
Tributary 15

High-Density, Single
Family Residential 24.40 14.15 '1o.25 24.40

Tolal 67.52 45.68 2'l.u 67.52

The values listed above were used to determine the runoff events and the volume generated

by the existing conditions such that the pre-developed conditions could be matched.

The analysis was determined using the King County Runoff Time Series (KCRTS)
hydrological modeling program. The KCRTS program was developed as a hydrologic
modeling tool for westem King County. The program uses a set of files containing unit-area
continuous runoff records ("runofffiles"). The runoff files have been pre-simulated for a

range oflandcover conditions and soil types for different regions of King County using the
U.S. Environmental Protection Agency's Hydrological Simulation Program-Fortran
(HSPF)-IO model. The calibration of the HSPF-IO model was performed using regionalized
parameters developed by the U.S. Geological Survey and King County Basin Planning. The
KCRTS program allows the user to simulate the project hydrology through scaling,
summing, lagging, and level-pool routing of the runofffiles.

2:
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MAosEN CREEK WEsr BAsrN WATER QuALtrY IMPRoVEMENT ENGINEERING DESIGN REPoRT

The pond is designed to a Level 3 standard, in accordance with the requirements set forth in

the 1998 King Counly Sudace lV'ater Design Manual. This level requires maintaining the

durations ofhigh flows at their pre-development level for all flows greater than 50 percent of
the 2-year flow up to the 50-year flow and holding the 100-year peak flow rate at its pre-

development level. This standard also maintains the pre-development peak flow rates for the

2-year and l0-year runoff events. In doing so, it provides additional storage and increases

the detention time to minimize downstream impacts.

The pond was designed to maintain storm durations and match pre-developed peak flows for
combined Basins 15 and l9 in pre-developed conditions. Table 2.2 below lists the amount of
flow for the 2-year, lO-year, and 10O-year event for existing and pre-developed conditions

and the discharge flow from the proposed pond.

Basin 19 & 15
(combined)

Condition 2-yl 1o-yr 25-yr 100-yr
Volume (ac-ft)

Req'd Available

Developed (Existing) 7.82 9.85 11.47 '19.97

Pre-Developed 1.47 3.27 4.26 5.45

Pond Discharge 1.00 2.91 3.51 5.45 14.5 15.5

Discharge flows from the pond are released at or lower than the pre-developed flows
obtained from the KCRTS model. Data output from the modeling program listed in
Appendix F shows that the flow durations are also maintained'

Designing a pond to accommodate flows from Basin 15 and 19 in developed conditions yet

maintaining durations and matching peaks for Basin 19 in pre-developed conditions as the

pond function would require a pond approximately 30 acre-feet. Pond size and depth was

limited to site constraints and safety. The proposed pond will hold approximately 28 acre-

feet. This includes 2.2 acre-feet for water quality, 15.5 acre-feet for detention, and l0.l acre-

feet to adequately address the Intermediate 6-hour precipitation, I,000,000-year storm event'

and freeboard requirements.

D/02-2:M104 f t13n2
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Section Geological Analysis-Summary

In August 2002, a Shannon & Wilson, Inc. Geotechnical Report, Madsen Creek Detention
Pond King County, Washington was submitted. The report described the geological and

subsurface conditions ofthe project site and provided analysis of the proposed pond design.

The report also provided recommendations for its construction.

The project proposes to excavate native material and use this material to construct a north
perimeter embankment for the pond. The embankment will also serve as an access road.

The embankment will be approximately 'll5 feet in length and 20 feet in width. It will have

side slope inclination of6H:lV inside from elevation 436 feet to 441 feet and a slope
inclination of 4H:lV from elevation 441 feet to the dam road top,444 feet. The downface
slope will be 3H: 1V. Construction of the pond will include lining the pond with a
geosynthetic clay liner to provide a more impervious quality ofthe berm. The drainage
system of the pond will consist offlow control and overflow structures and appurtenances
and a spillway.

The soil conditions of the proposed pond location have been determined to be deposits of
Recessional Outwash (Qwo) at the ground surface in several places and near the ground

surface. Vashon Ablation Till (Qvat) underlies a surficial layer of recessional outwash.
Ablation Till was found at shallow depths in the westem half of the site. To the east, it was
found in sporadic locations at greater depths. Underlying the Ablation Till and Recessional
Outwash deposits are additional deposits ofvery dense sand, most likely to be Advance
Outwash (Qva) . It is the opinion of the report that the native material is acceptable for the

embankment, provided the criteria outlined in the report by Shannon & Wilson is met.

The geotechnical report is submitted with this document to provide the Dam Safety Office an

overall engineering assessment of the pond design.

3:
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Section 4: Dam Safety Analysis

A dam safety analysis was completed in accordance with the WSDOE Dam Safety
Guidelines. The dam safety analysis was divided into four steps:

. Downstream Hazard Classification

. Design Level Determination

. Dam Break Inundation Analysis and Flood Routing

. EngineeringCalculations

4.1 DownstreamHazardClassification
The first phase of the Dam Safety analysis is classifying the potential downstream impacts in
accordance with Table 3: Downstream Hazard Classification ol the Dam Safety Guidelines
(Appendix A).

The project proposes to construct the detention and water quality pond, east of l40th Way
Southeast and north of residential homes of Southeast l62nd Street, on property owned by
King County but within a 650-foot-wide Bonneville Power Administration right-of-way
(Figure 4.1.1). The outlet will be located at the northeast area of the pond and will discharge
its flows easterly onto a 100-foot-constructed, rock-lined streambed channel. It will then tum
and flow in a northerly direction into an existing channel known as the Northwest Tributary.
The Northwest Tributary flows 700 feet north before making a bend to the east. It then flows
800 feet in an easterly direction and converges witl the main channel of Madsen Creek.
Madsen Creek then continues approximately 500 feet in a northerly direction down the
ravine. At the base of the ravine is a I . I 5-acre-foot sedimentation pond with a high flow by-
pass channel. Madsen Creek flows 500 feet east from the sedimentation pond before tuming
north toward State Highway 169, approximately 1,000 feet away. The creek then turns west,
parallel with State Highway 169 approximately 700 feet before flowing north through a box
culvert 130 feet long, 6 feet wide, and 3 feet high. Madsen Creek tums west and is conveyed
under Jones Road, 200 feet away. It continues 300 feet west and tums north toward the
Cedar River approximately 1,500 feet farther at River Mile 5.0.

A residential development is located 600 feet northwest ofthe project site; i40th Way
Southeast separates the project site from the residential development area. It is unlikely that
the area would encounter any flooding from a dam failure because the road is elevated and
acts as a berm. There are no residences from the pond outlet to the bend of the Northwest
Tributary and from its convergence with Madsen Creek. Three hundred feet north of the
Northwest Tributary and 450 feet west of Madsen Creek is a residential area. It is situated
high above the Northwest Tributary and Madsen Creek ravines. This area would not
encounter any flooding from a dam failure, though it could possibly suffer some encroach-
ment of erosion at its southemmost boundary from the Northwest Tributary and its
eastemmost boundary from Madsen Creek.

Ol02.2tul04 11t13t02
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MAosEN CREEK WEST BASIN WATER QUALITY IMPROVEMENT ENGINEERING DESIGN REPORT

From the convergence with Madsen Creek to the sedimentation pond, there are no

residences. However, a sewer line is located in the vicinity of the Madsen Creek Ravine.

The sewer line runs parallel with Madsen Creek and has suffered damage from previous

storms. There is a proposal to abandon the line. Just north ofthe sedimentation pond is a

9-acre mobile home trailer park with more than 100 homes. This area has suffered

sedimentation damage due to overflows caused by inadequate channel capacity of Madsen

Creek. As a result, a 0.9-acre-foot sedimentation pond with a high flow by-pass was

constructed in 1974. In 1995, the embankment between the pond and the mobile home trailer
park was raised to provide additional protection, thus increasing the pond size to 1.15 acre-

feet.

A church is located 1,000 feet east of the sedimentation pond. It is unlikely it would sustain

severe damage from a possible dam break because it is situated at a higher elevation than the

creek.

A recreational field is located west of Madsen Creek as the flows continue north toward the

cedar River. There is approximately a 5-acre area to which flows from Madsen creek could

be spread as it makes its way through the highly vegetated corridor to converge with the

Cedar River. This is not likely, given that the high-flow by-pass system at t}e sedimentation

pond will convey most of the flows from a possible pond failure.

It is anticipated the high flows from a dam failure would be conveyed 2,000 feet north to the

Cedar River from the sedimentation pond via the high flow by-pass system. High flows at

the sedimentation pond enter the by-pass open channel through a box culvert 40 feet long,

12 feet wide, and 3 feet high. The capacity of the box culvert is estimated at 250 cubic feet

per second. The by-pass open channel system is approximately 5 feet wide at the bottom'

i 5 feet wide at the top, 6 feet deep, and approximately 1,000 feet in length. The flows from

the channel are then conveyed through another box culvert 8 feet wide by 6 feet high under

State Highway 169. The capacity of the culvert is estimated at 415 cubic feet per second.

North of state Highway 169, the size of the high flow by-pass open channel system increases

to approximately 14 feet wide at the bottom, 35 feet wide at the top, and 9 feet deep. Thrc

high flow by-pass system would reduce the extent of damage to the church and its parking

lot. North ofthe highway, there are several homes on both sides of the high flow by-pass'

but the homes are situated at a higher elevation than the by-pass system and are protected by
a levee. These homes are more likely to sustain flooding from the Cedar River than from a

dam failure.

The area most likely to be affected would be the trailer park and the surrounding fields south

of state Highway 169. This computes to approximately 38 acres. Inundation from a possible

dam break failure would be approximately 8 inches throughout this area. state Highway 169

would not sustain overtopping of its roadway because it is at least 2 feet higher than the

trailer park and the fields.

A preliminary assessment downstream of the project site reveals that the Downstream Hazard

classification is lA. Factors based on this assessment include more than 100 inhabited

structures, at least 300 people at risk, and the severity of water quality degradation.

Orc?-z:MlO4 10 11113tO2
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MAoSEN CREEK WEST BASIN WATER QUALITY IMPROVEMENT ENGINEERTNG DESGN REPORT

4.2 Design Level Determination
The second phase of the Dam Safety analysis consisted ofan assessment ofthe consequences

associated with dam failure. The design level was determined using the DOE Dam Safety

Section's worksheet (Appendix A) for estimating the minimum design level. The worksheet

is divided into three categories: Capital Value of Project, Population at Risk, and

Downstream Property at Risk. Each category has several sections that receive numerical

weightings for assessing the consequences ofdam failure.

The Capital Value of Project is based on two parts: the Dam Height Index and the Value of
Reservoir contents. The height of the dam is 9.3 feet from the pond's base (elevation of
434 feet) to the spillway crest (elevation of 443.3 feet). This includes 2.13 feet of freeboard

above the 1O0-year storm elevation. The assignment of rating points for items listed in the

Value of Reservoir Contents is at the discretion of the owner. None of the items listed ade-

quately described tlle contents ofthe pond. An adequate description ofthe pond's contents is

detention and water quality while incorporating habitat. King County places great value on

the construction of the pond for reducing the erosion of Madsen creek generated from years

of increased flows due to development. Therefore, an assignment of large values to the

consequence rating points was made.

The second and third category, Population at Risk and Downstream Property at Risk'
respectively, includes consideration ofdam failure flow and the actual population and

property that may be affected by a dam failure. A conservative approach for the BFA
Madsen Creek detention facility was taken. The flow associated with a possible dam failure

was estimated using the storage associated at the dam crest level. This is 2.13 feet above the

100-year water surface elevation, an additional l0.l acre-feet ofthe volume stored above the

10O-year water surface elevation. The calculation of the Population at Risk value also

assumed the volume of water stored (approxim ately 27.8 acre-feet) is a result of the control

structure and emergency overflow systems not functioning properly, or that the tops ofthe
confiol structure and emergency overflow catch basins are blocked by impenetrable debris.

This would allow the water to rise to the dam crest elevation of 443.3 feet. This is highly
unlikely, given the fact the catch basins will each have a birdcage set on their top to allow
water to be conveyed through the conduit system. However, ifa dam failure occurred under

the stated circumstance, approxim ately 27.8 acre-feet of water would be released in a

4O-minute period, resulting in an average flow of535 cubic feet per second (cfs).

There are many residences downstream from the pond site, as shown in Figure 4' I .1 . The

population at risk from failure of a facility outlet structure is approximately 300 to 600. The

property downstfeam of the facility that may be at risk from an outlet structure failure
in.lud"r residences, a church, and roads. As shown in Figure 4.1. t, a mobile trailer park

with over 100 trailer homes would sustain some damage due to dam failure. Another
property at risk is a church located a few hundred feet east ofthe trailer park. The only major

ioad at risk from a dam failure is Highway 169, approximately one mile downstream of the

project site. The possibility ofthe roadway being washed out is highly unlikely. There is

ionsiderable environmental degradation that would occur ifthe dam failed. However, the

primary reason for construction of the pond is to reduce the substantial degradation of the

D/02-2;MlO4 11 11h3n2
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creek that has occurred from years of increased flows due to development of which the trailer

park has suffered its effects.

A summary of the worksheet that shows the relationship between the rating point system and

the design ievel is located in Appendix B . The dam safety rating point total for the dam

safety ra-ting for thb BPA Madsen creek Pond has been estimated to be 715, resulting in the

maximum design level of a 1,000,000-year retum interval.

4.3 Dam Break Inundation Analysis and Flood Routing

A dam break inundation analysis was performed using seven spreadsheets developed by the

Dam Safety Office. This is an estimation of the magnitude of the dam break flood resulting

from hypoihetical dam failures occurring with the reservoir at normal storage elevation and

-u*i-um storage elevation. Normal storage elevation is 436.5 feet, but for the purposes of

the analysis, the 10O-year water surface elevation of 441.17 feet was used' The elevation

crest ofihe berm , 443.3 feet, was designated as the maximum storage elevation.

The project proposes to construct the embankment with native till material, placed as

outtinei in tite geotechnical report, and overlaid with Bentonite blankets. This use of
materials is similar to a combination of cohesionless materials and resistant materials. The

values listed in the spreadsheets were provided only for use ofeither cohesionless material or

resistant material. A conservative approach was taken, and it was assumed the material used

to construct the embankment would be cohesionless and that the estimated side slope ofa

breach would be 1.

The first spreadsheet, Break-I, developed hydrographs for pipe failure and overtopping_

when a breach is constrained. The spreadsheet uses the Breach Formation Factor equation.

A conservative approach was taken by assuming that the control outlet structure, tle
,rrr"rgao"y ou"rflow structure and the drain valve were not functioning to release the water

over t-ime as designed, thus allowing the surface water elevation rise. The table below

summarizes the maximum discharge, Q-peak' and times.

MADSEN CREEK WEST BASIN WATER QUALITY IMPROVEMENT ENGINEERING DESIGN REPORT

Break-2, the second spreadsheet, developed a hydrograph for a failure due to overtopping

when a breach is consirained by other physical factors. This had produced similar estimates

and a hydrograph to the values and hydrograph in Break-I.

Break-3 was used to revise the estimates for peak discharge and time of peak discharge by

using a time-step computation. The estimates produced were lower than the values obtained

0/02-2;Mloil 't2 fit13n2



T

I
I
I
I
I
l
t
I
I
I
t
t
I

MADSEN CREEKWEST BASIN WA.TER QUALITY IMPROVEMENT ENGINEERING DESIGN REPORT

from Break-l and Break-2. The table below compares the estimates obtained from all three

break analyses.

* The T-base (hr) for Break-5 is exponential; therefore, no value was inserted.

Break-4 developed a triangular hydrograph ofa dam breach due to overtopping. [t was

developed by setting the hydrograph volume equivalent to the reservoir volume at the time of
a breach. A conservative approach was taken. The resavoir volume was set at27.8 acre-

feet. This is assuming that the control outlet structure, the emergency overflow structure, and

the drain valve are not firnctioning, and thus allowing the normal surface water elevation of
437 feet to rise above the 100-year sufface water elevation 2t41.17 feet to the dam emergency

spillway elevation of 443.3 feet.

Break-5 had a similar approach to Break-4, but developed an exponential hydrograph ofa
dam breach due to overtopping. The hydrographs of all these break analyses are found in
Appendix B.

The Q-peaks estimated are based on a conservative approach by assuming the embankment

to be constructed is ofcohesionless material. Q-peaks estimated from assuming resistant

material would be considerably lower and may be more reflective of the characteristics ofa
possible failure of the BPA pond. The estimations were also compared with Table 4A and

4B of the Dam Safety Guidelines-Technical Note 1. These tables and spreadsheets can be

found in Appendix B.

Two flood analyses were performed using spreadsheets developed by the Dam Safety Office.

The estimated peak discharge assigned for the Flood analysis used values obtained from
Break-4 and Break-s. Flood-l is an analysis ofthe flood peak attenuation and flood wave

travel time. Flood-2 is similar to Flood-l and includes inundation depths. Both produced

the hydraulic profile from the pond outlet to the convergence of Madsen Creek and the Cedar

River. The point of interest is at the location of the sedimentation pond. The spreadsheets

can be found in Appendix C.

4.4 Engineering Galculations
The Dam Safety Worksheet (Appendix B) calculated a total of 715 points. Desigr Step 8 is

applicable to our project. Design 8 requires calculation of the Inflow Design Flow for a

1,000,000-year rehrrn interval to allow an analysis of the response of the reservoir and

spillway to various flood characteristics.
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MADSEN CREEK WEST BASIN WA]ER OUALIY IMPROVEMENT ENGINEERING DESIGN REPORT

The project lies in Region 3 (Appendix D). The pond is designed to detain and treat runoff
from a contributing area of 0.1 1 square miles. No areal adjustments were needed to account

for the storm spatial distribution based on Table 1 of Technical Note -3. Four candidate

desigrr storms were generated to describe the range ofstorm characteristics that affect flood
peak discharge, runoff volume, and hydrograph shape. Table 4.4'l below surnmarizes the

Design Precipitation (Pd), calculated for the duration of 2,6, and 24 hours. The

spreadsheets, developed by the Dam Safety Office, can be found in Appendix D.

These values were then used in the King County HYD program in conjunction with the

Region 3 spreadsheets for precipitation developed by the Dam safety office to cleate a storm

data file. The files created were used to generate runoff hydrographs using the santa Barbara

Urban Hydrograph method. Table 4.4.2 below summarizes the values obtained for the

I,000,000-year storm event.

Each ofthese storm events was then routed through the pond and its appurtenances to
determine the peak outflow and peak elevation. The routine depicts how the pond attenuates

flow from a hydrograph file.

Discharge from the pond below the 100-year storm event will be routed through the conduit

system via the flow control structure. The conduit system includes 128 feet of36-inch pipe

and an energy dissipator.

Discharge from the pond above the 100-year storm will be routed through the same conduit

system via the primary overflow structure. The elevation of the overflow structure is

441.17 feet. Table 4.4.3 summarizes the analysis. The design storm calculations and routing
analysis are located in Appendix E.

I
t
I
T

I
I
I
I
I
I
r-

Total Precipiiation for Storm (in)
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MADSEN CREEK WEST BASIN WATER QUALTTY IMPROVEMENT ENGINEERING DESIGN REPORT
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Ouration (hr) Inflow (c-fs) Outflow (cfs) T-Peak (hrs) V-Peak (ac-ft) Elevation (fr)

189.81 46.22 2.92 16.77 441.7'l

6 87.49 57.41 14.42 17.23 441.83

24
Intensity 58.36 55.19 39.00 17.14 44't.41

Volume 51.97 49.43 39.00 16.91 441.75

The controlling water level from the inflow design flood is based on the intermediate 6-hour
precipitation storm. The water level is 441.83 feet. The dam crest elevation ofthe pond is
443.3 feet. This is a differenc e of 1.4'/ feet. The Dam Safety Guidelines requires 0.5 feet of
Minimum Freeboard for small dams.

Normal Freeboard requires 2 feet of freeboard for small dams. The 100-year, normal water
level is 441.17 feet. The difference is 2.13 feet from the dam crest level and tlre normal
water level. The pond design meets the minimum requirements.

Further analysis is required to determine if additional freeboard is necessary to accommodate

wind/wave action. A spreadsheet developed by the Dam Safety Offrce was used to calculate

the freeboard. The calculations also made allowances for embankment settlement, design/

operation uncertainties, and geological hazards. Calculations determined that the total
Normal Freeboard required is 0.66 foot and the Minimum Freeboard is 0.35 foot. These

values are below the minimum requirements set by the Dam Safety Office. Below is a tabie

surnmarizing the freeboard required and available for the pond.

The pond design has adequate freeboard with consideration of wind/wave action' Analysts
can be found in Appendix D.

Nomal WL = 441.17 ft

Peak Stage WL =.141.83 ft

Oloz-2:Mtod 15 11t13t02
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nl.

WORKSHEET
DAM SAFEW GUIDELINES

SELECTION OF DESIGN/PERFORMANCE GOALS
FOR CR]TICAL PROJECT ELEMENTS

PROJECT NAME:

DAM NAME:

CONSEOUENCES EVALUATED FOR FAILURE OF

AT RESERVOIR LEVEL OF

SUMMARY SHEET

CAPITAL VALUE OF PROJECT

POPULATION AT RISK .

DOWNSTREAM PROPERTY AT RISK

BASE POINTS

CUMULATIVE CONSEOUENCE RATING POINTS

ro. lo.

t^A)

CONSEOUENCE
RATING POINTS

44

1""
2)6

150

7 r.i

to. Io'

DESIGN STEP NUMBER

pRoJEcr ENGtNEERDavt Aflf,aufrer- DArE

CUMULAT'VE CONSEOUENCE RATING POIT.ITS

r/500 r€P I ? 3. I 5 6 7 8 TH€OREIICAL
l{AxlKr{ EvExt

0EslGx SIEP

D€SIGN/PERFORMANCE GOAL - ANNUAL EXCEEDANCE PROSABIUTY



CONSEOUENCE RATING POINTS

Dam Height
(feet)

q,1

Consequence
Rating Points

4tc

-t
300 or
greatst

100

160

140

120

100

80

60

40

20

o

lr.
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CAPTTAL VALUE OF PROJECT

DAM HEIGHT INDEX

Maximum Dam Height .

^ I I rl
rVyy,,n pov I U0if0ti i

t'
: ', are+f

t0
DAM HEIGHT (Feet)
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6.

7.

VALUE OF RESERVOTR CONTTENTTS/PROJECT BENEFITS

Mandatorv Consideration {or Some Proiects

1 . Public water SuPPIY Storage

Discretionarv Considerations

2. lrrigation water Supply Storage

3. Industrial Water Supply Storage

4. Hydropower Generation Facilities

Points
Per ltem

25-75

Consequence
Rating Points

O

/,.

/.: E.

-=)

10-75
10-75
10-75
r0-75
10-25

Mining or Manu{acturing Process Water

Assignment of consequence rating points to dams which provide a community with I
limitid resource, such as a pubtic water supply, is mandatory.

Assignment of consequence rating points to dams which provide benefits primarily to
the owner, is at the discretion of the owner and/or project engineer.

A wide range of consequence rating points are possible for the various proiect

benefits. SLlection of an appropriate value should be based on the size and

importance of the project benefit under consideration relative to the broad range of
p.oj€cts of that type. ln addition, a larger or srnaller value may be selected depending

Ln ihe ot"n"r's and/or proiect engineer's perceived need for conservatism in protecting

project benefits.

SUBSECTTON I. SUBTOTAL OF CONSEOUENCE RATING POINTS

39
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POPULATION AT RISK

CATASTROPHIC POTENTIAL INDEX

l.

80

70

60

50

40

30

20

10

o

Estimated Dam Breach Peak Discharge at Dam Site

due to Failure of Critical Proiect Element

Estimated 1O0 year Flood Peak Discharge

Taken on a Natural Watercourse at First Location
Downstream of the Dam Where There is a Potential
for Loss of Life or

lf There is No Downstream Development, lt is Taken
on the Natural Watercourse at a Point 1 Mile
Downstream of Dam

Ratio of Dam Breach Peak Discharge to
1OO Year Flood Peak Discharge

.1 ^

laaa cfs

lndex Consequence
Fatino Points

29ta,6

110
RATIO OF DAM BREACH PEAI( DISCHARGE TO

lOO YEAF FI.OOD PEAK DISCHARGE

CONSEOUENCE RATING POINTS

L ,F us-\

d^ AI t, l, sBltllCtr

a7 <. -sl
?

s

=



POPULATION AT RISK - Continued

POPULATION AT R]SK INDEX

1.

2.

3.

Estimated Current Population at Risk {PAR}

lncrease in Population Due to Development

TOTAL - Future Population at Risk + bQo -ao

No. of Persons

4l ')0c
+ ,QD

Consequence
Ratino Points

t
I
I
I
t
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t
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I
t
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300

250

200

150

100

50

o
10 100

ESTIMATED POPULATION AT RISK

6OO or
gru!ler

4L



ll. POPULATION AT RISK'Continued

01020304050607080
WARNING INOEX PO]NTS

100

90

80

70

60

50

40

30

20

10

o
100

SUBSECNON il - SUBTOTAL OF CONSEOUENCE RATING POINTS 4T. O

CONSEOUENCE RATING POINTS

i'ARGINAL

WARNING 

" "/ADEOUATE rr.tlOeOUere

wAFNrNG WARNING

"-/"

I

4l
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POPULATION AT RISK - Continued

ADEOUACY OF WARNING

To be used when there is Population at Risk

1.

2.

!!cP

Advanced Warning Time

Ukelihood of Dangerous Situations to be
Observed and Notification Give to Public

Downstream Valley Setting
and Ease of Evacuation

TOTAL WARNING INDEX POINTS .

Warning
lndex Points

| /-\

Consequence
Ratino Poirits

a€

3.

WARNING RATED AS Marl,no\

FACTOR ADEOUATE WAR'{I O UARGI'{AI WARNII{G II{ADEOUATE II'ARIIr{O

ADVANCEO WARI.ING TIME llb|! ttao 30 m{Ntoa

O W.ming tndcx hitttt

Mal! Th$ lO Minutc. but
L... Thm 30 Mindcr

25 w.ming lad.x tuhts

L.3. Th.n 10 Mint !C.

50 W.ming hdct Aohtt

LHELITIOOO OF OANGEROUS

STTUATIOH TO E OBSERV€D

AND NOTIFICATION GTV€N TO
GENERAL Pl'8LIC

Dlm Ownor Ro.lic. |l6tr Dlm
Sir6. ol Doshortod R.cpoo.6l6
P..ty H!. F...on$ly Sh.rt
Acccas Tinn to D|m Sit6 Jrd
h.. DutY ol lntttltino Wlolitr€

o w.mhe Wcx hht

O!3ignlt6d Rt3ponsibl€
Plrty rlot Locd€d .t t.
D.m Sita. b|n D.m sit. i.
\rrsibb ro Gcrbr.l tublb.

Th..! i. R€!.onlbly Good
VohiDUk Acc.r. 

'lo.r 
D!ft

Sit gd htc.mitt nt
V.hicd.r T..fic.

15 fumnao tndcx tuin'.

No D..isnltcd R.tponsibL
P.rty n.!r D.m Sit..

Dlm in R..not! Locrdon-
Poor Vchhul.r Accc6.
to Dlm Sit..

g W.miN tadct fuhrtt

DOW S1NEAM VALIEY
SETT}IG ANO EASC O€

EVAClJATIOTI

V.Ly. with Good AccG.. to
Hhh G.o(r|d .|rd Good
Ra.dw.y Sy.Lm.lor E c.ps

O W.mitC ,adcx tuia's

V.tLy. Yvi6 Uft*ttd AccG.. r.
Hish G.ortd .rd rinitod
Ro.dw.Y SY.t6m.

,O tlbmhC hdcx &'n,,'t

N!.row ConfE|i.rg Vllcy
with F.rdw.y. n rd|.
Sti!fi 8{rl o. A16.lg
V.llcv Floor .nd ho.
acc... to Hich G.o|xd

20 |tkmlt s hrd.x tutrts
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III. DOWNSTREAM PROPERTY AT RISK

A. RESIDENTI.AL UNITS

1 . Equivalent Single Family Dwelling Units

No, of ltems

IOD

Consequence
Ratino Points

80

70

60

50

40

30

20

10

o
10

NUMBER OF HOMES AT RISK

100 ot
greatet

B. LIFELINE FACILITIES

1 . Transoortation Links - Bridoes and
Stream Crossings

a. Freeways/interstate highways
. Railway main lines

b. State highways

c, Other public roads
Railway spur lines

Points No. of Consequence
Per ltem ltems Ratino Points

250

10 I

2-5 |

CONSEOUENCE RATING POINTS

4
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c.

1.

2.

3.

4.

il. DOWNSTREAM PROPERTY AT RISK - Continued

Points
Per ltem

No. of
Items

5.

4.

5.

Water Suoolv Svstems

a. StorageReservoirs(Downstream)

b. TreatmentFacilities

c. Delivery Systems

Domestic waste Treatment Svstems

a- Treatment Facilities l'-P'.')tt .

E) s,-,r!.'t ; :tiJ;'1"' l:, l ,: tci',

Electric Power Facilities

a. Electric power plant
or Appurtenant works

Emeroencv Response Facilities

a. Hospitals, Police, Fire,
Paramedical Units

OTHER IMPORTANT FACILITIES

Public Buildings, Schools, Libraries

Fish Hatcheries

Industrial, Commercial
and Agricuhural Developments

Other Facilities or Considerations

24

10-75 :2 5

Consequence
Ratino Points

,o ,*rrrh
tr-2,C: t14"r i t,J/2r

't0 - 75

10 - 25

5-25

5-26

5-75

10 - 75

5-25
5-75

/'-)

:5

;

I

A wide range of consequence rating points are possible for the damages that could
occur to property and lifeline facilities. Selection of an appropriate value should be
based on the size and importance of the features under consideration relative to
the broad range of features of that type. In addition, a larger or smaller value may
be sdlected depending on the owner's and/or project engineer's perceived need for
the protection against property damages.

45



lll. DOWNSTREAM PROPERTY AT RISK - continued

Points
Per ltem

ENVIRONMENTAL DEGMDATION

Deleterious contents in oroposed reservoir

a. Release of reservoir contents will
result in long term environmental
degradation

b. Release of reservoir contents will
result in temporary, minor
environmental degradation

10-75

No. of
Items

Consequence
Ratino Points

D.

1.

5-20 I

l

2. Damaoe to downstream facilities could
result in release of deleterious materials
stored on-site

a. Release of deleterious materials 10 - 75
will result in long.term
environmental degradation

Release of deleterious materials
will result in temporary, minor
environmental degradation

5-20

Description of damages to property, lifeline facilities, and
{

SUBSECTIOT{ III - SUBTOTAL OF CONSEOUENCE RANNG POINTS LIO

6
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TABLE 2. RESERVOIR OPERATION CIISSIFICATION

TABLE 3. DOWNSTREAM FIAZARD CI.ASSIFICATION

TABLE 1. DAI'i SIZE CIASSIFICATION

szE cttsstFtc^noN DIM HEIGHT

Sn'E! t'I|l L.s Orm l5 h€l

l||tC'mcdatr Dam
15 bcl c grE*r

bd Eas thar 50 lhd

1,.3!G Daflr 50hd6f:d.

RESERVOIR OPERANON
cLASSIFtCAnON

DETERMNING
FACTOR

P€fl|ans{ Pool or
Scasonal Pool Op€rdin

S€ady r€ts r€€Foe a €dr&d lo! co.|dfroos ocqr h
fnpoardng bada. |.d lbqndato|r d o. nrar nofid pool

co.xttoarr.

lr{efmi[rd Oporaftxl
Dl.ralin of rsrEr ltt$ @ cdrffo.r b herflbFrf ftr C€dy
rlde 8ee96g€ q rd,rd€d tlo,v conddofta b d4obp h
iYpourdng bflid r|d lbn tdio.r.

DOWNSTREAII

HAZARO

POTE{TIAL

DolI/NSTREAII

I{AZARD

ct-AssrRcATroN

COLUMI{ 3A

POPIJIATION

AT RISK

co[tflN 38

ECONOI,IC IOSS

GENERIC DESCRIPTIONS

@TUMN3C

ENVIRONT/GfTAL

OAMAGES

Lo'd 3 o

llrftrl
NohffialucnrE.

finrud lodq*n dsttet+ctcrt

t'lo d€l*.lot|s rfddbfB h
refioi co,lent6

Slgt*fic{r 2 t io6

App(lcbHa

'l 62 hhadGd sEuctrt .

N€flbhryLlnft rwfi.16.
Secsrary HgtirE rtdb. rJ h-.

ffnbd rEbr quafrY

defrefrdt liur ttEtnEf
oo.tr .||d mty.ho|tbfll

cul..qsFls

HUr tc 7to30

lLlr.
3blOffi|:d.tldE

lqv daarrfy r.|tfi ri r0l |.|r
h.lrty rdrd(dh..

Prf||{tt{hnqrsd n| rc,

Satfr ret an|tlY

d.gnddoi pd.tdd fcr
nai!*cflAn|3

rrll gHm.ifc8fll
f,||dolrdlr|||rlS!.

Hdl IB 3t-gn

&t.
llbtOffiglrnft+

lLdmd.|t*ysb|rFr (ut{|r€
s,|h r.s€ai||.d Hst, FoF.lyrd

hn:po.q0ct ftdrt1

lICl IA lwrnErm

E|nnfil.
f,tartm t@n*aorgra'
Hglt' dade.a dm.tt Polrl&d

qlutdr a uBr rta nlt attocHad

hd$!y, FoFry. tnlauor r|d
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Madsgn Crsek Pond

Madseo Cteek BPA Pond (King Dam Safety file no. _ Break-l

page I of 4

wb = t27 vm - K2l/[Kll
Kl =HblC+(Hb23/2)l
K2 = (Hb^2) [(C Zb) + (Hb Zb 23 / 3)l

Waw=Wb + ZbHw
Wtop=Wb+2ZbHw

t = 0.028 Vmt.36
t - 0.042 Vmt.36

Qp = 3.1 Wavs Hw^1.5 [rc^3]
rc = [A / (A + (t. H#9.5))l
A = 23-4 Sa / Waw

Cohesionless

T

I
I
I
I
I
I
I
I
I
T

I
I

Breach geometry
Base width

(of breach and flow)

Average width of flow
Top width of flow

Time for breach development
Cohesionless/erodible materials
Erosion resistant malerials

Dam breach peak discharge

Project-specmc data :

Elevations :

3:3"f;Liiil11il"H s.1=
Height (depth) of breach, Hu =

At 100-year sto.m :

Water surface elevation (ft.) = ' 441.17

Height over breach elev, Hw = 7.17

Volume of water, Vw (ac-fl) = 18.?6
Surface area, Sa (acres) = :4.25

lnflow during breach (c'fs) = 19.97

At maximum pool (dam crest) :

Water surface elevation (ft.) = ... '+43:3
Height over breach elev, Hw = 9.3
Volume of water, V|v (ac-ft) = 27.U
Surface area, Sa (acres) = 4.76
Inflow during breach {c'fs) = 19:97

Erosion resistance of dam materials:
Iactor for volume (Vm) = 3.75
lactor for breach time (t) - 0.028

Reference : (report tite & page; drawing no.)

Drawing C9, Sheet 1 l
Drawing C2, Sheet 4

Orawing C3, Sheet 5; KCRTS, Appendix F

Appendix B

Appendix B
KCRTS, Appendix F

DrawirE C9, Sheet 11

Appendix B
Appendix B
KCRTS, Appendix F

Typical rangs :

cohesionless resistant
3-75 2.50
0.028 0.042

Estimation of Dam Breach Characteristics for earthfill dams

Reference: Technical Note l, pages 3 to I I
RlB.07108/02

Key equations:

Breach Formation Factor
Volume of material eroded

BFF = Vw' Hw

Cohesionless/erodible materials Vm = 3.75 BFF^0.77
Emsion resistant materials Vm = 2.50 BFF^0.77

ffi'
9.3

BPABreak la.xls
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CohesionlessMadson Creek Pond

Madsen Creek BPA Pond (King Cormg DNR&P); Dam Safety file no. 

-
Estimation ofDam Breach Characteristics for earthfill dams

Reference: Technical Note 1, pages 3 to I I
RIB.07/08/02 Page 2 of

Project-specific data (cont.) :

Geornetry :

Crest width, C (ft.) =
Crest length (ft') =
Slope ol upstream face, Zt =
Slope of downstream tac€, Z2 =

(report title & page: drawing no.)

Drawing C3, She6t 5
Drawing C2, Sheet 4
Slope average; Drawing C2, Sheet 4
Drawing C3, Sheet 5

z1 +22=23= I
Esi. sideslope of breach, Zb :

normal pool, zb = :' 'li',"t.0
max. Pool, Zt = ,.:*:jf$.0

Failure due to piping (WL at 100'ysar storm) :

cohesionless
1.0
1.0

resistant
0.5
0.5

Breach Formation Factor, BFF (-) =
Volume of material eroded, Vm (cu-yds.) =

Breach geometry: Kl = 531.96
K2 = 3874.752

Base widlh, Wo (ft.)
Average width, Wavs (ft.) =
ToP width (flow), Wtop (ft.) =
Top width (crest), Wc' (ft.) =
Breach % of crest length =

Time fof breach development t (hrs.) =
t (min') =

Dam breach peak discharge
A = 12.16067
K3 = 0.962825

Peak discharge, Qn (cfs; =
lnflow duting breach (cfs) =
Combined peak discharge =

Comparisons:

Breach width/height
Failure time (hrs.)
Peak discharge (cfs)

Typical
Emge

0.5 to 3.0
0.2 to 4.0

'tr :-.=::.;'47O from Table 4A (cohesionless)
' ,, ,,.l r32O trom Table 48 (resistrant)

'134.5

'163.4

1.0
82

15.3
19.6

3%

0.18
10.5

4U
19.97
4fl

BPABreak_l a.xls
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Mads€n Creek Pond

Madsen Creek BPA Pond (King County DNR&P); Dam Safety file no. 

-
Estimation of Dam Breach Charact€ristics for earthfill dams

Reference: Technical Note 1, pages 3 to l l
RIB.07/08/02 Page 3 of

Failure due io overtopping (WL at dam crest / maximum pool) :

Breach Formation Factor, BFF (-) = 258.9

Volume of material eroded, Vm (cu'yds.) = 270.5

Breach geometry: K1 = 531.96
K2 = 3874.752

Base width, Wb (ft.) = 6'4
Average width, Waw (ft.) = 15.7

ToP width (flow)' WtoP (ft) = 25'0
ToP width (creso, Wcr (fr.) - 25-O

Breach % of crest length = 3 o/o

Time for breach development, t (hrs.) =
t (min'l =

oam breach peak discharge
A = 7.074'147
rc = 0.916896

o.21
12.6

sreach discharge, Qp (c'fs) = 1067

I Inflow during breach (c'fs) = 19.97
! Combined peak discharge = 1087

t
I
I
T

I
t
I
I
T

Comparisons:

Breach width/height
Failure time (hrs.)
Breach discfiarge

Typical
range

0.5 to 3.0
0.2 to 4.0

i.''H14ii trom rabb 4A (mhesionless)
'ffi to. rabb4B (resistant)

This
project

1.69
o.21
1067

Estimate tfiangular hydrograph with T.Peak and Q.Peak as calculated per Tech Note I methodology:

Dam breach hydrograph volume = reservoir volurne at time of breach

Time base for dam breach hydrograph:
Vol. = (ti2) r Q.Peak'T.Base
T.gase = (2 ' Vol.) / Q.Peak (cont. on next page)

BPABreak_la.xls
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CohesionlessMdsen Creek Pond

Madsen Creek BPA Pond (King County DNR&P); Dam Safety ftle no' 

-
Estimation ofDam Breach Characteristics for earthfill dams

Reference: Technical Note l, pages 3 to 11

RJB,07/08/02 Page 4 of

Dam breach hydrographs :

Scenario: Piplng failure, WL at normal pool / 100 yr storm

Reservoir volurne = 18.76 Ac-ft Surface area = 4.25 Ac.

Q.Peak = 434 c{s = 1563985 cu.ft./hr = 35.904 Ac-ft / hour (equivalent)

T.Base = 1.05 hours

T.Peak = 0.18 hr.
Hydrograph coordinates: time, hr. Q, cfs

Scenario: Overtopping, WL at dam crest / maximum pool

Reservoir volume = 27.84 Ac'ft Surfac€ area = 4.76 Ac.

Q.Peak = 1067 cfs = 3841470 cu.fr-/hr = 88'188 Ac'ft / hour (equivalent)

T.Base = 0.63 hours
T.Peak = 0.21 hr.

Hydrograph mordinates : time, hr' Q' cfs

00
0.09 217
0.18 434
0.61 217
1.05 0

00
0.11 534
o.21 1067
o.42 534
0.63 0

Dam breach hydrograph

3 500
o 400

$ soo

E 2Oo

E9

Dam breach hydrograph

er500

o1000r
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!oO
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Madsen Creek Pond

Madsen Creek BPA Pond (King'Coimty DNR&P); Dam Safety fiie no. 

-
Break-2

Estimation of Dam Breach Characteristics for earthfill dams

Reference: Technical Note l, pages 3 to l1
page 1 of 3

Cohesionless

t
Key equations:

Breach Fotmation Facior
volume of material Broded

Cohesionless/erodible materials
Erosion resistant materials

Breach geomefuy
Volume of material eroded

vs. base width

Average width of flow
Top width of flow
ToP width at dam crest

Time for breach develoPment
Cohesionless/erodible materials
Erosion resistant materials

Dam breach peak discharge

Proiect-specific data:

Elevations:
Dam crest elevation (fr.)

Base elevation of breach (fL) =
Height (depth) of breach, Hb =

BFF=Vw"Hw

Vm < 3.75 BFF^0.77
Vm < 2.50 BFF^0.77

27Vm=(Wb*Kl)+K2
Kr =HblC+(Hbai 2)l
K2 = (Hb^2) (C zb) + (Hb Zb 23 / 3)l

Waw=Wb + ZbHw
Wtop=Wb+2ZbHw
wcr =Wb+2ZbHb

t = 0.028 Vmt.36
t = 0.M2 Vmt.36

Qp = 3.1 Wavs Hw^1.5 [rc 31

K3 = [A/ (A + (t- Hw^o.5))l
A = 23-4 Sa / Waw

I
I
I
I
I
I
I
I
I
t
I
t
I
I

Geometry:

ffi
9.3

'i: #$:p
oa

: l?77*4,
'::.ti4:76t: '19.92

slevation (ft.) =
H€ight over breach elev, Hw =
Volume of water, Vw (ac-ft) =
Surfac€ area, Sa (acres) =
Inflow during breach (c'fs) =

Crest width, C (fr.) =
Crest length (ft.) =
Slope of upsfeam fa@, Zr =
Slop€ of downstream tae, Zz =

21 +22 = Z3 =
Sideslope of breach: ZL =

ZR=
Zb=

Reference : (report tide & page: drawing no.)

Drawing C9, Sheet l l
Drawing C2, Sheet 4

Drawing C3, Sheet 5

Appendix B
Appendix B
KCRTS, Appendix F

Drawing C3, She6t 5
Drawing C2, Sheet 4
Slope average; Drawing C2, Sheet 4
Drawing C3, Sheet 5

BPABreak-2a.xls
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CohesionlessMadssn Creek Pond

Madsen Creek BPA Pond (King County DNR&P); Dam Safety file no' 

-
Estimation of Dam Breach Characteristics for earthfill dams

Reference: Technical Note I, pages 3 to I I

I
I
t
I
I
I
I
I
t
I
I
I
I
t
I
I

RJB,05/08/02

Erosion resislance of dam materials:

factor for volume (Vm) =
factor for breach time (t) -

Upper limit for volume of material eroded :

page 2 of

Typical range :

cohesionless resistant
3.75 2.50
0.028 0.042

irlii, ms"
269.6 less than 270.5 cu.Yds.

15.7
25.0
25.0

3 0/o

o.21
12.6

,9.75
0.028

Breach Formation Factor, BFF (-) =
Volume of material eroded, Vm (cu.yds.) <

258.9
270.5

Breach geometry :

Breach geometry :

Estimate base width, Wb (ft.) =
Volume eroded, Vm (cu.Yds.) =

Average width, Wavs (ft.) =
ToP width (flow), WtoP (ft.) =
Top width (crest), Wcr (fr) =
Breach o/o of crest length =

Time for breach development t (hrs') =
t (min') =

Dam breach peak discharge
A = 7.094522
K3 = 0.917205

Kr
K2

= 531.96

= 3874.752

.scenario: Failure dui) to overtopplng.-' -: : "i i *-',, ,

.bam ureach iopstrained by.ptgrsicaisetfiig l bIAJib otpreach'wiA$&Faln h'ejsht : :-'".

Peak disdErge, Qn (cfs; = 1065

lnflow during breach {cfs) = 19.97

Comblned peak discharge = 1085

Comparisons:

Breach width/height
Failure time (hrs.)
Peak discharge (c'fs)

Typlcal
range

0.5 to 3.0
0.2 to 4.0

' '. 12!O from Table 4A (cohesionless)

' ,450 from Table 48 (resistant)

This
pro.iect

1.7
0.2

1065

BPABreak_2a.xls
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Coh6sionlessMadssn Creek Pond

Madsen Creek BPA Pond (King County DNR&P); Dam Safety file no. 

-
Estimation ofDam Breach Characteristics for earthfill dams

Reference: Technical Note 1, pages 3 to I 1

RJB,05/08/02 Page 3 of

Estimate triangular hydrograph with T.Peak and Q.Peak as calculated per Tech Note 1 methodology:

Dam breach hydrograph volume = reservoir volume at time ol breach

Time base for dam breach hydrograph:
Vol. = (1/2)' Q.Peak * T.Base
T.Base = (2'Vol.) /Q.Peak

Dam breach hydrograph :

scenado: 'ov.ortoFFin:iiqlrire, wr-;mai'pogii(dam.ctes!) -:i-"': ' ,,=' -, .=l
Res€rvoir volume = 27.84 Ac-ft Surface area = 4'76 P€'

Q.Peak = 1065 cfs = 3834313 cu.ft./hr = 88.024 pa-ft i hour (equivalent)

T.Base = 0.63 hours

T.Peak = 0.21 hr.
Hydrograph coordinates : time, hr. u, cTs

0
Eaa

1065
533

0

0
0.10
o.21
o.42
0.63

Dam breach hydrograph

1200

€ rooo
qt 800

$ ooo

t 400

x2ffi-0
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Estimate Dam Breach hydrogra.ph for use computor program

Madsen Creek Pond

Madsen Creek Pond (King County DNR&P); Br6ak 4

time increment = ' 3 min. = 0.05 hr.

Hydrograph coordinates: time, hr. Q, cfs

Cohesionless

I
t
I
I
t
T

t
T

t
T

t
I
I
I
t

RJB,05/08/02 page I of 1

Approach: Calculate dam breach hydrograph equivalent to reservoir volume,

estimate T.Peak and Q.Peak fiom rlam breach characteristics (see Tech Note 1)

Key equations:
Dam.breach hydrograph volume = reservoir volume at time of breach

Estimate triangular hydrograph with T.Peak and Q.Peak as calculated per Tech Note 'l methodology:

Time base for dam breach hydrograph:
Vol. = (1/2)" Q.Peak' T.Base
T.Base = (2 . Vot.) / Q.Peak

Rising limb of hydrograph:
Q(t) = Q-Peak " ( t/T.Peak)

Receding limb of hydmgraph:
a{t) = Q.Peak- { 1 - [( t - T.Peak) / Cr.Base - T.Peak)l]

Dam breach hydrograph :

Scenario: OvertoPping failure, WL max. pdol

Reservoir volume = 27.89 Ac-ft Surface area = 4.7.9 Ac.

Q.Peak = I 1070 cfs = 3852000 cu.ft./hr = 88 430 Ac-ft / hour (equivalent)

T.Base = 0.6307832 hours

T.Peak = , 0.21 hr.

Dam B.each Hydrograph
0

0,05
0.10
0.15
o.20
o.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.63

0
2U.8
509.5
7U.3

1070.0
968.3
uI.1
714.O
566.9
459.7
332.6
205.4

78.3
0

BPABreak_4a.xls
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CohesionlessMadsm Cre€k Pond

Madssn Crcek Pond (King County DNRSP); Dan Safety file no. 

-
Estirate Dam Breach hydrograph for use in computer progrart

&IB, 05/08/02

lnitial K =
3 min. = 0.05 hr.

equiv Q, incr. Vol-

Ac-fUhr. Ac-ft.

Brsak-5

page I of 2

Approach : Calculate dam breach hydrograph equivalent to reservot volume,

estimate T.Peak and Q.Peak from dam breach characteristics (see Tech Not€ I )

Reference : Barfield, Wamer and Haan Applied Hydrology and Sedimentology for

Disturbed Areas. Oklahoma Technical Press, 1981. pp l04 - 108

Key equations:
Dam breach hydrograph volume = reservoir volume at time of breach = sum (Qix dt)

Estimate hydrograph with T.peak and Q'peak as calculated per Tech Note 1 methodology :

Dimensionless hydrograph :

O(t) / O,peak = [ fr.peak - exp(1 -!T-peak)l^K

lnitial estimate for K :

K = 6.566 I(O peak'T peak) / (vol.I ^ 1 9

Revise K as needed to make hydrograph volume = reseryolr volume

Typical values: 1.5 < K < 5.0

Dam breach hydrograph :

Scenario: Overtopping failure, WL at max pool

Reservoir volume =
O.Peak = 1070

T-Peak = O.21

time increment =

27.89 Ac-ft Surface area = 4.78 Ac.

= 3852000 cu.ft./hr = 88-430 Ac-ft / hour (equivalent)

hr.

I
I
I
t
T

I
I
I

Time, hr. VT.peak
0

0.05
0.10
0.r5
0.20
o.25
0.30
0.35
0.40
0.45
0.50
0.5s
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00

0
0.238
0.476
o.714
0.952
't.190
1-4?3
1.667
1.905
2.143
2341
2.619
2,457
3.095
3.333
3.57'l
3.810
4.048
4.286
4.524
4.762
5.000

exp[...1
1

2.142
1.688
1.331
1.049
o.427
0.651
0.513
0.405
0.319
0.251
o.198
0.156
oj8
0.097
0.076
0.060
0.047
0.037
0.029
0.023
0.018

t...rK
o

0. t37
0.526
0.861
0.997
0.954
0.809
0.632
0.481
0.326
0-no
0.145
0.093
0.o58
0.036
o.o22
0.013
0.008
0.005
0.003
0.o02
0.001

0
12.156
46.488
76.141
88.125
84.325
71.541
55.858
41.M1
28.7A7
19.465
12.778
8.185
5.137
3.168
1.924
1. t54
o.684
0..101

0.233
0.134
o.o77

0

0.608
2.324
3.807
4.406
4.216
3.5n
2.793
2.O52

1.43S
0.973
0.639
0.409
o.257
0.158
0.09€
0.058
0.ff!4
0.020
0.012
0.007
0.004

Q, cfs
0

147

563
921

1066
1020

atoo
o/o
497
348
236

99
62
38
23
14
I

4.9
2.4
1.6
0.9

I
I
I
I
I

initial K = 3.032 Vol. =
oi6 adiust. = . '.97.,23 V"

revised K = 2.948

n.89O Diff. = 0.000 Ac-ft.
Ac-ft. %dift.= 0.001 %

BPABreak_sa.xls



CohBsionlessMadsen Creek Pond

Madsen Creek Pond (King County DNR&P); Dam Safety file no. 

-Estimate Dam Breach hydrograph for use in comPut€r program

RJB, 05/08/02

I
I
I
I
t
I
I
t
t
I
I
I
I
t
t
I
I
I

page2 of 2

lime, hr. Q, cfsHydrograph mordinates :

00
0.05 147

0.10 563
0.15 921
o.20 1066
0.25 1020
0.30 866
0.35 676
0.40 497

0.45 U8
0.50 236
0.55 155

0.60 99

0.65 62
0.70 38
0.75 23

0.80 14

0.85 I
0.90 4.9
0.95 2.8
1.00 1.6
1.05 0.9

Dam breach hydrograph

1200

1000
loE soo
d
fl ooo

"E +oo
o

200

0

EPABr€ak-5a.xls



I
I

I
I

I
I

I

As discussed previously, the most analyticalty sophisticarcd mehoaotogy curremly available for

estirnating tho breach out{low hydrograph is the computer program BREACII6 develo'ped by Fread'

This program incorporarcs principles of sediment fansport, soil mednnics and unsteady flow

hydraulics to compute both breach dimensions ard the outflow hydrograph'

TABLE 4A.DAM BREACH PEAK DISCHARGE ESTMATES FOR DAMS

CONSTRUCTED OF COHESIONLESS MATERIAIJ

I

I

I
t
I
t
t
I
I
I
I

OAM ANEACI{ P€AK DI,SCfiARCC ICFS)

DAII HEIG}{T

{f€€T}
RES€RVOIFI SURFACE AREA (ACNESI

2 7 to 20 30 ,lO @ lm

4 170 300 460 6ro 43() 1010 I o30 1l ro 1130 I t40

6 2AO 470 7{ 960 | 300 't 620 22m 27@ 2920 3020

a 3ao 6,€ 990 | 300 1770 22@ 30lo 3750 S loo 5840

lo 4ao 8to 1240 1630 22m 2770 3?€0 4?00 6400 9420

12 570 970 l4so 1960 2660 3t|20 45,o 5630 7650 1t tao

l4 670 119) r 730 228{) 3l oo 3a@ 5250 6€30 aaao 13070

ta 450 | 440 2200 249() 3t30 .|aao 6640 425{} tt2to 16500

22 I oz, r ?30 2€60 3470 17o() 6030 ?990 9880 13420 t 0?20

26 t 19(' 20ro 30?o ,lO20 s50 6770 92m I t4:10 t55to 227rO

g r 350 22a() 3470 4660 al70 ?660 to3so | 2€OO l T,ltto 29660

35 tru 26@ 3{t50 5170 70oo c7o() t tato r4e(' r 98:io 29080

rc 172() 2900 ir4oo 5760 Taoo 96S t 3120 r 6260 2m{4) 3ZnO

1890 3190 ,lairo 63:tO 8560 10610 14380 t Talo 2,113() 3€s:to

50 2060 3460 5250 6A@ 9270 r t500 | 55qt | 93rO 26tro ta200

10

ho* gnn $f'*f 6"d'*
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TABLE 48 - DAM BREACH PEAK DISCITARGE ESTMATES FOR DAMS

CONSTRUCTED OF EROSION RESISTANT MATERTAI.S

I
I

I
I
I

I
I
I
T

I
I
t
I
t
I
-

DAII 1IEIGHT

IFEEII

oafl rnEAcH P€AI OISCI{AROE (CfS'

RESERVON SURFACC AR€A |ACN€SI

7 to 't5 30 10 60 'loo

4 t20 200 300 410 560 700 950 r(x)o Itto 1l30

t90 500 550 480 I loo l5to t&n 2560 2950

a 2@ 140 670 aao 1200 't 500 2050 2S60 34aO 5t 50

to 550 450 1120 r520 '| 900 2590 3220 4390 64€l)

t2 490 670 r o20 r 340 1830 22a, 3t't o 3470 52?O 7770

460 7@ 1 190 15?O 2la) 2650 3€20 4500 6t 30 90to

18 590 1000 1520 2000 2710 33Ib 4500 s730 7790 r t4?O

7ro | 200 r 840 2410 3280 rlo80 5550 6too 9370 r 3?90

26 430 | 400 2140 2A 10 3AtO 4144 6450 aor o I o6ao 16000

30 9.lO t 600 243, 3t 90 4330 53aO 7310 9080 t 23:v) talto

r0@ 1830 27a(J 3650 4950 6l{o &xo t0360 | 4050 20620

ilo 12tO 205() 3t lo 40ao 5630 6470 9320 tts?o t 5690 23010

45 '| 340 22AO 3430 45@ @8{) 75@ I 0260 12736 17250 2529C)

50 1460 2160 3740 ,190() 6630 a23() tlt60 r 3a40 | 4740 2715o

11
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Appendix G

F lood I n u nd ation ltforksheefs
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Appendix G

Flood lnundation Worksheets
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BPA Madsen Creek Pond

Madsen Creek Pond (King County DNR&P); Dam Safety file no. _ Frood-l

Hydraulic Profile ofdrainage basin; Dam Break flood attenuation and flood wave travel time

RIB,05/08/02 page I of 3

Map reference :

USGS topo map, Renton quad

River
Mile

1.18 -634 . :375't.'15 ...792.. 350
1.11 1003, 325
1.og ,l1i09,J : jrr3oo1.09 r :

1.08,:

Description

Pond outlet

confluence with Madsen Creek mainstem
sedimentation pond near trailer park

crossing under SR 169
vicinity of recreational field (soccer/basebatt)
confluence with major river (Cedar River)

Dist. from Elevation
dam(ft) (ft)

0 425
425 400

1.30

1.06 ,,,ii?

1.04 13
1.03 :
1.02,.

1.01

1.00
0.85

0.6 .
0.4..

0-E',-,,,

450
400

E aso

e 300
.,i 250

! 200
ur 150

100

50
0

1000 2000 3000 4000 5000 6000

Distance downstream from dam (ft.)

BPAFlood 1a.xls
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BPA Madssn Cr6ek Pond

Madsen Creek Pond (King County DNR&P); Dam Safety file no' 

-
Hydraulic Profile of drainage basin; Dam Break flood attenuation and flood wave travel time

RJB,05/08/02 page2 of 3

Failurescenario: Ov€itoPPlng

lnitial reservoir volume = 27'89 Ac-ft

Estimat'ed peak discharge Qp = 1070 cfs

(us€ attenuation curve for 'l0 ac-ft)

(eslimated from Tech Note 1 / time-step computation)

Oownstream
Flow vel. distance Dam break
(fVsec) (miles) QxiQp Ax (cfs)

Elevation
(ft)

River
Mile

1.30
1.22
1.18

Dist. from
dam (ft)

1003
110S

1162
1267
1373
1426
1478
1531

1584
2376

4752
5702
6864

Channelgradient
(fvft) (fvmile)

0.059 311

0.120 632

0.118
0.236
o.472
0.238
0.236
o.472
0.481
o.472
o.472

0.08 ':

0.12.,.',
1070

1016.5

1.0 1070

963
963
oA2

oAq

909.5
909.5
909.5
909.5
909.5

U

0.19
0.21
o.22.
0.24 -

ryp'e 2

Type 3

Type 1

I.t1
1.09
1.08
1.06
1.04
1.03
1.02
1.01

1.O0

olo
1245
2491
1257
1245
2491
2538
2491
2491

0.006
0.007
0.006
0.004

425
400
375
350'
325
300
275
zfi
n5
m0

t<n
'125

ffi
112
105
100
95

U

425
634

0.60
0.40
o.22

0

o.26
o.27

695.5
642

coo.c
481.5

35
32
23

o.2a..,
0.29.,
0.30

0.70
0.90
1.08
1.30

BPAFlood_l a.xls
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00
0.6 0.6
0.3 0.9
o.2 1.1

0.3 't.4
0.1 1.5
0.1 1.6
0.1 1.8
0.1 1.9

0. r 2.O

0.'t 2.1

0.1 2.'l
0.1 2.2
2.3 4.5
3.8 8.3
3.0 11.3
9.6 14.0
4.0 18.'l

I
t
I
I
T

t
I
t
t
I

I

BPA Madsen Creek Pond

Madsen Creek Pond (King County DNR&P); Dam Safety file no 

-
Hydraulic Profile of drainage basin; Dam Break flood attenuation and flood wave travel time

RlB, 05/08/02 page 3 of 3

Calculate 1^/indow' for tr.avel time of dam breach flood wave :

Flood wave velocity (Vw) relative to water velocity (V) = VwA/ = 1 + (A'ldAXdV /). (Refs:

Henderson, Open Channel Ftow, pp. 365 - 369; Chow, Open Channel Hydraulics' pp 528 - 531 ')

Minlmum flood velocig > water velocity. Estimate rnaximum flood velocity < 1.5 x water velocity.

Travel time for dam breach flood wave = travel distance / flood velocity. Maximum flood

velocitv => minimum tfavel time, and conversely, minimum flood velocity => maximum travel time.I
I
I River

Mile

1.30 0
1.22 425
1.18 634
't.l s 792
1.11 1003
1.09 1109
1.08 '1162
r.06 1267
1.04 1373
1.03 1426
1.02 1474
1.0r 1531

1.00 1584
0.85 2376
0.60 3696
0.40 4752
0.?2 5702

0 68ff

Dist. from
dam (ft)

Channel
gftidient
(fumile)

310.59
631.58
835.44
625.59

1245.28
2490.57
1257.14
1245.28
2490.57
2538.46
249Q.57
2490.57

33.33
32.00
35.00
31.75
22.72

Flow vel.
(fusec)

12
12
12
't2
12

12
12
12
12
12
12
12

5.8

5.8
5.8
4.8

Downstream
distance
(miles)

0
0.08
o.12
0.15
0.19
0-21
o.22
o.24
0.26
0.27
o.2a
0.29
0.30
0.45
0.70
0.90
1.08
1.30

Flood travel time (minutes)

Minimum Maximum
(incr.) (cum.) (incr.) (cum.)

00
o.4 0.4
o.2 0.6
0.1 0.7
0.2 0.s
0.1 1.0
0.0 1.1

0.1 1.2
0.1 1.3
0.0 1.3
0.0 1.4
0.0 '1.4

o.0 1.5
1.5 3,0
2.5 5.5
2.O 7.5
6.4 9.4
2.7 '12.O

SPAFlood-la.xls

(6nd)



0.40
o.2
0.00
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BPA Madssn Creek Pood

Madsen Creek Pond (King County DNR&P); Dam Safety file no. 

-
Hydraulic Profrle ofdrainage basin; Dam Break flood attenuation,

flood wave travel time, and preliminary estimate of inundation depths

RJB, 05/08/02 page 1 of 4

Map reference :

USGS topo rnap, Renton quad

Flood-2

Description

Pond outlet

mnfluenc€ with Madsen Creek mainstem

sedimentation pond near trailer park

c.ossing under SR 169

vicinity of recreational field (socceribaseball)

confluence with rnajor liver or hke

River
Mile

Oist. from
dam (ft)

1.22

1.15
1.11

1.09 :

1.08 - -l
1.06 ' 

. .,,'
1.04-,

500

€ +oo

,E aoo
r!
e 200
tr

100

0

looo 20oo 3ooo 4000 5000 6000 7000 8000

Distance downstream from dam (ff.)

BPAFlood_2a. xls
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8PA Madsen Creek Pond

Madsen Creek Pond (King County DNR&P); Dam Safety file no. 

-
Hydraulic Profile ofdrainage basin; Dam Break flood attenuation,

flood wave kavel time, and preliminary estimate of inundation depths

RJB, 05/08/02 page 2 of 4

Failure scenario ; OvertoPping

Initial reservoir volume = 27.89 Ac-ft (use attenuation curv€ for 10 ac-ft)

Estimated peak discharge Q = 1070 cfs (€stimated from Tech Note 1 / time€tep mmputation)

Estimate Type Z channetfrom dam to R.Milb 1.15, TJpe 3 chan!9ld?w-n:!ream from R.Mile 1.15 to R.Mile 0.85.

Type 1 channel downsfeam fromB.Mil€ 0.85 to R.Mile 0.0 (Cedar'River) ':
(Reference: Tech Note 1 , Tabl€ 7 on page I 5)

River
Mil€

r.30
1-2.
1.18

Dist. from
dam (fr)

1003
I 109

1162
1267

1426
1478
1531

1584

0.0588
0.1196

0.1185
0.2358
o.4717
0.2381
0.2358
0.4717
0.4808
o.4717
0.4717

1070
1070

1016,5
1016.5

963
963
963

909.5
909.5
909.5
909.5
909.5
802.5
802.5
u2

588.5
481.5

Type 2

Type 3

Type 1

Elevation
(ft)

Channel gradienl Flow vel.
(fuft) (fumile) (fusec)

Downstream
distance Dam break
(miles) Qx/Qp Qx (cfs )

0
425
634

0.6 3696
o.4 4752

022 5702
0 6864

0
0.08
o.12
o15-
0.19
o.21

o.22
0.24
0.26
0.27
0.28
0.29
0.30

425
400
375

325
300
275
250
n5
200
175
150
125
ito
112
10s
100

1.0

1.1 1

1.09
1.08
1.06
1.04
1.03
1.02
1.01

1.00

0.006'l
0.0066
0.0060
0.0043

o.zo,i:'i: o.zs
g.9gr::4,, 9.60
1.08 ' 0.55
1.30 0.45

I BPAFrood-za.xrs
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gPA Madsen Creek Pood

Madsen Creek Pond (King County DNR&P); Dam Safety file no 

-
Hydraulic Profile ofdrainage basin; Dam Brcak flood attenuation,

flood wave travel time, and preliminary estimate ofinundation depths

RIB, 05/08/02 page 3 of 4

Calculate lMtdovy'' for travel time of dam breach flood wave :

Flood wave velocity (Vw) relative to wat€r velocity ry) = VwA/ = 1 + (A,/dAXdVA/). (Refs:

Herderson, Open Channel Flot/, pp. 365 - 369; Chow, Open Channel Hydraulics, pp. 528 - 531 )

Minimum flood velocity > water velocity. Estimate maximum flood velocity < '1.5 x water velocity'

Travel iime for dam b,reach flood wave = travel distance / flood velocity. Maximum flood

velocity => minimum tavel time, and conversely, minimum flood velocity => maximum travel lime-

Channel Doi/nstream Flood travel time (minutes)

Oist. from gradient Flow vet- distance Minimum Maximum

dam (ft) (fvmile) (fvsec) (miles) (incr.) (cum.) (incr.) (cum.)

0
0.6
0.9
't.1

't.5
'1.6

1.8
1.9
2.O

2.1

2.1

2.2
4.5
8.3

11.3
't4.o
18.1

River
Mile

I
I
t
I
I
I
t
I
I
I
t
I
I
I
I
I
I

1.30 0

1.22 425 310.5882
1.18 634 631.5789
1.15 7s2 835.4430
1.11 1003 625.5924
1.09 1109 1245.2830
1.08 1162 2490.5660
1.06 1267 1257.1429
1.04 1373 1245.2430
1.03 1426 2490.5660
1.O2 1478 2538.4615
1.01 1531 2490.5660
1.00 1584 2490.5660
0.85 2376 33.3333
0.6 3696 32.0000
0.4 475? 35.0000

o.22 5702 31.7498
0 6864 22.71

12

12
'12

12

12
12
12
12
12
12
12

5.8

5-8

4.8

0
0.4
0.6
0.7
0.9
1.0
1.1

1.2
1.3
1.3

1.4
1.5
3.0

9.4
12.O

0
0.6
0.3
o.2

0.1
o.l
0.1

0.1

0.1
0.1

0.'1

0.1

2.3
3.8
3.0
9.6
4.0

00
0.08 0.4
o.'tz 0.2
0.15 0.1

0.19 0.2
o.21 0.1

o.22 0.0
0.24 0.1

0.26 0.1

0.27 0.0
0.28 0.0
0.29 0.0
0.30 0.0
0.45 1.5
0.70 2.5
0.90 2.o
1.08 6.4
1.30 2.7

BPAFlood_2a.xls
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BPA Madsen Creek Po.E

Madsen Creek Pond (King County DNR&P); Dam Safety file no. 

-
Hydraulic Profile ofdrainage basin; Dam Break flood attenuation,

flood wave travel time, and preliminary esiimate of inundation depths

RJB, 05/08/02

Preliminary estimate of inundation depths at key locations :

page 4 of 4

Key equations and approximations :

ln the absence of other informalion on downslream channel and flood plain geometry'

cross-section area of flow can be estimated by linear interpolation between contour lines

from USGS or other topogEphic maps. Estimated channel is approxirnately triangular-

shaped, wilh geometry as tollows:

Side slopes ZL and ZR (ZH:1V) = distance io countour line / countour interval

= 112 ZLy^z + llzzRy^z ='ll2 (zL + ZRl- y^2

= 2 (x-Area\ | (2L + ZR)

= [ 2 (X-Area) / (Zt + ZR) ]^0,5

Required X-Area = discharge / velocity = Q / v, lhen solve for y

Waler surface elev. = channel el€v..+ water depth y

Inundation area, distance from channel center line = Zi'y (e€ch side)

Map contour interval = !. . .ri '25 feet

Water
Depth

X-Area
y"2

v

T

I
I
I
I
I
T

T

I
I
I
I
I

Station

0
425
634
792

1008
1109
1162
1267
1373
1426
1478
1531

15e/'
2376
3696
4752
5702
6864

Channel
Elevation

X-section
L ZR Area

W.S. Inundaliondistance
Elevalion Left Right

425 30 20 89.2

400 32 7 89.2
375 u I U.7
350 7 5 U.7
325 3 3 80.3

300 3 2 80.3

275 2 2 80.3

250 3 3 80.3

225 3 4 75.8

200 4 4 75.8

'175 3 I 75.8

150 I s 75.8

125 2 4 75.8
120 5 5 138.4

112 Flal Flat 138.4

105 Flat Flat 110.7

100 Flat Flat 101.5

95 Flat Flat 100.3

1.9 426.9
2.'l 402.1

2.0 377.0
3.8 353.8
5.2 330.2
5.7 305.7
6.3 281.3
5.2 255.2
4,7 229.7
4.4 204-4
3.6 178.6
3.0 153.0
5.0 130.0
5.3 125.3
4.5 116.5
4.0 109.0
3.5 103.5
1.5 96.5

56.7
68.4
68.3
26.3
r5.5
17.0
12.7
15.5
14.0
17.4
'10.7

23.9
10.1

26.3
26.3
26.3

26.3

37.4
15.0
16.1

18.8
15.5
11.3
12.7
15.5
18.6
17.4
32.0
26.9
20.1

26.3
26.3
zo.J
26.3
26.3

4
BPAFlood-2a.xls
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4. INUNDATION MAPPING

The inundatlon map provldes a descriptlon of the areal extent of flooding which would be produced by

the dam break flood. It should also ldentify zones of hlgh velocl$ flow and depict lnundation for

representative cross-sections of the channel. Thls lnformation is standard output from many computer

flood routing models and inundation maps may be developed utiliztng cross-sectlon and flood height data

in conJunction wlth U.S. Geologtcal Survey topographic maps.

For many planning purposes, a reasonable approximation of the inundation at a given location can be

rnade using flood peak discharge lnformation from Tables 4a or 4b, lhe attenuation curves in Figure 5'

site specific channel cross-section data and representative flow velocities from Table 7.

TABLE ? . REPRESEMATIVE VELOCITIES FOR USE IN
ESTIMATING INUNDATION FROM DAM BREAK FLOODS

The cross-sectlonal area offlow required to pass the flood would be

A = Q,,lv

where:
A = Cross+ectional area of channel and overbank (ft1 needed to pass the flood

Q' = Flood peak discharge (cfs) at location x
V = Representative, average velocity (ft/sec)

whether using the results of the simplified method above, or data ftom comPuter modeling, one should

consider the potential effects of debris buildup and sediment transpolt. The inundation map should

represent a conservadve estirnate of the consequences of a dam failure.

00)

1at.l. i;,2 4 ilAD,C Dtv.. )c eJ+ t.l6 l-rir'i!',' r, l-l'ii 'i'
TYPE 1

MAIN C}IANNEL - GMVEL
OVERBANKS . CRASS, PASTURE

TYPE 2

MAIN CHANNEL. GRAVEI. COBBLES
OVERBANKS. IRREGUI.AR, BRUSH,

SCATTERED SHRUBS

TYPE 3

MAIN CIIANNEL CRAVEL
COBBLES. BOI,JLDERS

OVERBANKS WOODED

BEDSLOPE VEIOCITY
(ft/rd fft/sec)

BEDSIOPE VEITOCITY
(tumi) (ff/sec)

BEDSIOPE VELOCITY
(ft/n$ ff/sec)

5 2.4

r0 3.1

t5 {.r.
20 1.8

30 5.8

40 6.7
60 8.2
80 9.s
t00 10.6

200 12.0

300 l2.o
{00 o. grcat€r lz.o

l0 2.{
15 3.0
20 3.5
30 1.2

{0 {.s
60 6.0
80 6.9
100 7.7
200 10.9

300 r2.0
{00 o. gleat€t 12.0

5 1.{
l0 1.9

t5 2.1

20 2.7

30 3.3

10 3.8

60 4.7

80 5.{
100 6.1

200 8.6

300 10.5

{00 or gr€ater 12.0

t7



ATTENUATION OF FLOOD PEAK
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b.i.1,

(,.i1

6810 12 14

DISTANCE DOWNSTREAM (f,.!t)

FIGI.JRE 5. GENERALIZED FLOOD ATTENUATION CURVES

The family of attenuation cuves contained in Figure 5 are arranged according_to_res€rvoir storage

volume (acre-feet). The attenuation is described in terms oflhe dam break peak discharge (Qo) at the dam

site and the peak discharge (QJ at some distance downstream.

More sophisticated routing methods, in increasing order of sophistication, ilclude: hydrologic:

diffusion; and hydraulic touting. Examples ofthese methods are listed in Table 6.

Flood routing should be continued to a point downstream where the dam break flood no lon_ger Poses a

risk to life a;d there is limi(ed potentialfor further property damage. Flood routlng is usually terminated

when the dam break flood enters a large body of water which could accommodate the floodwaters

without a slgnificant increase in water level or when the flood has attmuated to a level which ls within

the l0o-yedfloodplain for the receiving steam. In the latter cary, flood plain inundationmaps may be

arrailabli (through the federal Emergenqr Management Agency TFEMA)) for use ln inundadon mapping

in these areas.

When routing dam break ttoods in steep channels, care should be exercised to realisdcally account for

the large magnitude energr-losses produced by abrupt changes tn channel geometry and allgnment.

Investi-gations by Jarrettl{r5'16 havC shown that supercritical flow is uncommon ln steeP natural charmels'

parttcul-arly mountain sEeams. The |tregularlty of tlle channel geoTetry, presence of boulders and

ir"quent cil-go ln dnrmel allgnment cause Iarge eners/ losses which genenlly restrict flow to the

suUirittcat range. Artifldalty large Mannin$s n values are often needed to account for the increased

roughness and energl losses posed by the above conditions.

1{
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86295F: BPA Madsen Creek Pond

BPA Madsen Creek Pond (King County DNR & P); Dam Safety file no. 

- 
l

Worksheet for Computation of 2-hour Precipitation Magnitude-Frequency Curve
Reference: Technical Note 3, page ll and worksheet from page B-10

zl,'

I
I

RJB,2/27/02 page I of 2

Poect data:
Location: T 23N, R 5E, Section 26 & 27; 4 miles N/S/EM of Renton

LaULong: 47.5 deg. N 122.1 deg W in Westem Washington

Basin elevation : 4U feet
Glimatic Region: 3 (Figure 4 on page 12)

Mean Annual Precip: 45 inches (lsopluvial maps, App. A)

Duration of interest 2 hours

Design Step: 8 (Worksheet from Tech Note 2)

Drainage area: 0.1 sq.miles. (Compare to small watershed < 1 sq.mile.)

Parameters for Computation of At-Site Mean:

6-hour,z-year Partial Duration Value, X6 (in.) =
z4-hour, z-year Partial Duration Value, )Q4 (in.) =

Regional value of Coefficient of Variation, Cv

Regional value of L-Skewness, j.3

Frequency factor for 2-year event, K2

I
t
I
I
I
I
I
T

t
I
I
I
t
I

Key equations :

2{our, 2-year Partial Duration Value, )o :

x2 = A + B*X6 + C',)Q4 + D*(X6^20(24) + E-Z - F L1'L2

where values for A, B, C, D, E and F vary by climatic region as follows:

Latitude lndex. Ll = 7-s

Longitude fndex L2 = 22-1

Elevation Index, Z = 4.34
Estimated 2-hour, ?-year Parlial Duration Value = :-r,ll lpFlq, (lsopluvial maps, App. A)

EF
0.0008 0

0 0.0003
00
00
00

Region A
1 0.014
2 0.056
3 0.119
4 0.122
5 0.119

BCD
0.250 0 0.533
0.279 0.245 0
0.240 0 0.390
0.240 0 0.395
0.240 0 0.390

At-Site Mean, XM = (0.88'X2p)/[( 1+(K2"Cv)l
where: Xzo = 2-t. r r"nial Duration Value ( = X2 from above calculation)

Quantile estimates: Xi = XM'[1+(Ki"Cv)l
where: Xi = estimated 2-hour preclpitation for selected frequency, inches

Ki = frequency factor for selected frequency (Table 81 or 82, App B)

Use design factor = 1.15Design precipitation, Pd =
where: Xos

l)f

DF ' Xos

= quantile estirnate Xi for selected design step, inches

= design factor; DF = 1.15 for new dams

Precip3(2).xls
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86295F: BPA Madsen Creek Pond

BPA Madsen Creek Pond (King County DNR & P); Dam Safety file no. 

- 
l

Worksheet for Computation of 2-hour Precipitation Magnitude-Frequency Curve
Reference: Technical Note 3, page I I and worksheet from page B-10

RJB,2/27/02 page 2 of 2

Key equations (cont.) :

Total storm precip = (design precip for z-hr storm) x (multiplier from mass curve for 6-hr storm)

multiplier for 6-hr design storm = 1.1794

2-hour,2-year Partial Duration Value, Xz (in.) :

Region A
3 0.119

X2 (inches) = 0.55 compares with 0.55 inches
estimated from isopluvial map

BCDEF
0.24000.39000

At€ite Mean, XM (inches) =

Frequency / design step :

Frequency factor, Ki (-) :

Quantile estimate, Xi (inches) :

Design precipitation, Pd (in.):
Total precip for design storm :

Frequency / design step :

Frequency factor, Ki (-) :

Quantile estimate, Xi (inches) :

Design precipitation, Pd (in.) :

Total precip for design storm :

0.51

0.82
n04
1.11

Step 5
11.47

z.cat

3.(M

1.30
1 .50
1.76

Step 8

19.04
3.39
3.90
4.60

1.67
1-92
2.27

Step 6 Step 7

'. 1 .,7'l ';'-;:,,16.22 ;
2.58 2.96
?.97 3.41

3.50 4.02

Comoarison to PMP for local storm (thunderstorm). Ref: HMR-57, Fig. 11.19 and 11.12'Table 11.4.

Local storm, l-hour PMP in.

2-hour PMP = 110% x 1+rr = *A/ALUE! in.

Frequency / design step: Step 3 Step4 Step 5 Step 6 Step 7 Step I
Design precipitation, Pa (in.): 1.92 2.23 2.58 2-97 3.41 3.90

Percentage of 2-hr PMP (o/"): #VALUE! #VALUEI #VALUE! #VALUE! #VALUE! #VALUE!

0.49 0.70
0_56 0.80
0.66 0.95

1.94
z.zJ
2.M

Step 2
r.6.J0

1.43
1 .65
1.94

2yr
4:i7i9,: .

Precip-3(2).xls



I 86295F: BPA Madsen Creek Pond

BPA Madsen Creek Pond (King County DNR&P); Dam Safety file no. 

- 
l

Worksheet for Computation of 6-hour Precipitation Magnitude-Frequency Curve
Reference: Technical Note 3, worksheet from page B-10

RlB,2/27102 page l of 2

Pro.ject data:
Location; T23N, R5E, Section 26&27;4 miles SE of Renton

LaULong: 47.5 deg. N 122.1 deg. W in Westem Washington

U Lr.

T

t
I
I
I

Climatic Region: 3

Mean Annual Precip:
Duralion of interest:
Design Step: 8
Drainage area:

(Figure 4 on page 12)
(lsopluvial maps, App. A)

(Worksheet from Tein ltote z;
(Compare to small watershed < 10 sq.miles.)

45 inches
6 hours

0.1 sq.miles.

t
t
I
I
I
I
T

I
I
I
T

I
I

Parameters for Computation of At-Site Mean:

6-hour, 2-year Partial Duration Value, X6 (in.)

Regional value of Coefficient of Variation, Cv

Regional value of L-Skewness, T3

Frequency factor for 2-year event, K2

Key equatjons:
ALSite Mean, 1M = (Q.88-Xzp)/[(1+(K2'Cv)]

Design precipitation, Pd =
where: Xds

DF

(lsopluvial maps, App. A)

where: xzp = z-year Pattial Duration Value ( = XG from above)

euantile estimates: Xi = XM.[1+(Ki'Cv)l
where: Xi = estimated 6-hour precipitation for selected frequency, inches

Ki = frequency factor for selected frequency (Table 81 or 82, App.B)

on page 13)

on page 14)

, App. B)

DF ".Xos Use design factor = 1.15

= quantile estimate Xifor selected design step, inches

= design factor; DF = 1.15 for new dams

0.87

zyt 10 yr 25yr 100 yr Step 1 SteP 2
.0.169 1,28 2.04 3.22. .. 4.67 F.32
0.84 1.17 1.34 1.61 1.94 2.08
0.96 1 .34 1.54 1.85 2.23 2.40
1.33 1.86 2.13 2.50 3.08 3.32

Total storm precip = (design precip for 6-hr storm) x (multiPlier from mass curve for 18-hr storm)
multiplier for 18-hr design storm = r 1.385

Ai-Site Mean, XM (inches) =

Frequency / design step :

Frequency factor, Ki (-) :

Quantile estimate, X (inches) :

Design precipitation, Pd (in.) :

Total precip for design storm :

Frequency / design step :

Frequency factor, Ki G, :

Quantile estimate, X (inches) :

Design precipitation, Pd (in.) :

Total precip for design storm :

Step 3 Step 4
6.45 7.63
2.34 2.61

2.69 3.00
3.73 4.16

Step 5 Step 6
8.87 10.17
2.89 3.19
J.JZ J.OO

4.60 5.08

Step 7 Step 6
11.54 12.97
3.50 3.82
4.O2 4.40
5.57 6.09

Precip2(6).xls



t 86295F: BPA Madsen Creek Pond

I BPA Madsen Creek Pond (King County DNR&P); Dam Safety file no. 

- 
l

I Worksheet for Computation of 6-hour Precipitation Magnitude-Frequency Cuwe
I Reference: Technical Note 3, worksheet Ilom page B-10

I RJB , 2/27 /Q2 Page 2 of 2

!

Comparison to PMP for general storm. Ref: HMR-57, Map 1 - Nw, Table '10.10.

I PMP for a 6-hour period is eslimated as a percentage of lhe 24-hour PMP. The percentage
|' factor varies by climatic region as lollows :

I Eastern washington Western washington

I Mountains Cenaat Basin Puget Sound Mountains Coast

Region: 1 2 3 4 5

I Factor: O.52 0.59 0.44 0.40 0.43

t

r This Poect :

- General storm, 24-hour PMP = in

I
I For region: r :: -.- 13

I g-nr ptr,tp= ; 0.{4 x 24-hr = #'VALUE! in.

I Frequenry / design step: Step3 Step 4 Step5 StepO Step 7 StepS

I Design precipitation, Pd (in.) : 2.69 3.00 3-32 3.66 4.OZ 4-4o

Percentage of 6-hrPMP (%): #VALUE! #VALUE! #VALUE! #VALUE! *A/ALUE! #VALUE!

Comparison to PMP for local storm (thunderstorm). Ref: HMR-57, Fig. 11.19and 1'1.1?, Table 1'1.4.

I
' Local storm. l-hour PMP = in.

6-hour PMP = 115% x l-hr = #VALUE! in.

I
Frequency / design step: Step 3 Step4 Step5 Step 6 Step 7 Step 8

I Design precipitation, Po (in.) : 2.69 3-00 332 3.66 4.O2 4.4o

t Percentage of 6-hr PMP (o/o): #VALUE! #VALUE! #VALUE! #VALUE! *A/ALUE! #VALUE!

I
I
I
-

l

I
T

Precip-2(6).xls
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86295F: BPA Madsen Creek Pond

BPA Madsen Crcek Pond (King County DNR&P); Dam Safety file no 

- 
l

worksheet for Computation ofz4-hour Precipitation Magnitude-Frequency Curve
Reference: Technical Note 3, worksheet fiom page B'10

RIB,2t27toz page l of 2

Proiect data:
Loc€tion: T 23N, R 5E, Section 26 & 27: 4 miles SE of Renton

LaVLong: 47.5 deg, N 122.1 deg. W in Westem Washington

Climatic Region: 3 (Figure 4 on page,12)

Mean AnnualPrecip: 45 inches (lsopluvial maps, App. A)
Duration of interest: 24 hours

Design Step: 8 r (Worksheet from Tech Nole 2)
Drainage area: 0.1 sq.miles. (Comp€re to small watershed < 10 sq.miles.)

zAL,-

Paramelers f,or Computation of At-Site Me€n:

z4-f\onr,2-year Paftial Duration Value, X24 (in.) =
Regional value of Coefficient of Variation, Cv

Regional value of L-Skewness, f3
Frequeflcy factor for 2-year event, K2

Key equations:
At-Site Mean, XM = (0.88.X2p)/( 1+(K2-Cv)l

Design precipitatlon, Pd =
where: Xcs

DF

1.75 (lsopluvial maps, App. A)
0.305 (Figure 5 on page 13)

0.185 (Figure 6 on page '14)

-0.173 Crable B,l, App. B)

where: Xzp = 2-year Patlial Duration Value ( = X2a from above)

euantile estimates: Xi = XM.[1+(Ki.Cv)l
where: Xi = estimated 24{our precipitaton for selected frequency, inches

Ki = frequency factor for selected frequency (Table Bl or 82, App.B)

DF . Xas Use design factor = '1 , 15

= quantile estirnate X for selecl€d design step, inches

= design factor: DF = 1.15 for new dams

Tolal storm precip = (design precip for 2,1-hr storm) x (multiplier from mass curve for 72-hr storm)
multiplier for 72-hr high intensity storm = J.1994
multiplierfor 72-hr high volume storm = 1.3183

At-Site Mean, XM (inches) =

Frequency / design step :

Frequency fac{or, tC (-) :

Quantile estimate, X (inches)
Design precipitation, Pd (in.) :

Total precip for intensity storm
Total precip for \rolume storm

Frequency / design step :

Frequency factor, Ki (-) ;

Quantile estimate, X (inches)
Oesign precipitation, Pd (in.) ;

Total precip for intensity storm
Total precip for volume storm

1.63

2yr 10 yr
. '.4.r.2a;. 127

1.54 2.26
1.77 2.59
2.12 3.'t1

: 2.33 3.42

Step 3 Step 4
6.60 7.U
4.90 5.51

5.63 6.34
6.76 7.60

'100 yr Step 1 Step 2
is.'z.E=:r,, jl;ii4,fitf ii I i 5.*{Z
3.24 3.98 4.31
3.72 4.57 4.96
4.47 5.48 5.95
4.91 6.03 6.54

25 y(
,2.M
2.64
3.03
3.64
4.00

Step 5 Step 6
9.16 10.56
6.17 6.86
7.09 7.89
8,51 9.46
9.35 10.,10

Step 7 Slep 8
12.03 13.59
7.59 8.36
8.73 9.62

10.47 11.54
11.51 12.68

I
Precitrl(24).xls

: 7.43 8.36



t 8@95F: BPA Madsen creek Pond

I BPA Madsen Creek Pond (King County DNR&P); Dam Safety file no. 

-lI
Worksheet for Computation of24-hour Precipitation Mag tude-Frequency Curve

Reference: Technical Note 3, worksheet from page B- I 0

t RJB,2l27lo2 page 2 of 2

t
Compadson to PMP for geneial storm. Rcf: HMR-57, Map 1 - NW.

I General storm, 24-hour PMP = in.

I Frequency / design step: Step3 Step4 Step 5 StepO StepT Step 8

I Oesign precipitation, Pd (in.): 5.63 6.34 7.09 7.89 8.73 9.62

- Percentage of 24-hr PMP (o/.): #VALUFI #VALUEI #VALUEI #VALUE! #VALUE! #VALUE!

lendl

I
I
I
I
I
T

I
T

T

I
I
I
I
-

Precitrl(24).xls
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Tlre regional parflne(ers C, urd t3 are displayed h Figures 5a,5b and 6a,6b respectively, and values

from the gfaphs may be used directly in cornpuUtional procedures once a value of the MAP

(Appendix .e; for Ae geographic location of interest has been obtained'

CoEFFICIENT OF V RIATION ( c"
0.60
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n /.'.i-

,'a
\-f

I

\

\
\ \

T HC .n

o 10 20 30 rto 50 60 70 80 90 100 110 120 130
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I

0,";7tz
0,7r,

o 10 20 30 40 50 @ 70 80 90 100 110 1a) 130
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REI-ATIONSHIP OF REGIONAL COEFFICIENT OF VARIAfiON WTTH
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FIGURES 5a,5b
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M02-33.R03

' Region 3, Design Hyetograph
Short Duration Storm: 33o/o exceedance

I
t

TIME
0

0.083
0.167
0.250
0.333
o.417
0.500
0.583
0.667
0.750
0.833
0.917
1 .000

I .083
1 .167
'1 .250
1 .333
1 .417
1 .500
1,583
1 .667
1.75Q
1 .833
1 .917
2.000
2.083
2.167
2.250
2.333
2.417
2_500

2.583
2.667
2.750
2.833
2.917
3.000
3.083
J. to/
3.250
J-JJJ

3.417
3.500

PI

0.0064
0.0069
0.0078
0.0092
0.0'l11
0.0135
0.0161

0.0180
0.0189
0.0204
0.0283
0.0633
0.1380
0.1550
0.1490
0.1091
0.0716
0.0482
0.0366
0.0278
0.0195
0.0090
0.0085
o.oo77
0.0073
0.0068
0.0066
0.0064
0.0063
0.0062
0.0061
0.0059
0.0053
0.0048
0.0044
0.0041
0.0038
0.0036
0.0034
0.0032
0.0031
0.0030

0
0.0064
0.0133
0.0211
0.0304
0.04 15

0.0550
0.0711
0.0891
0.1080
o.1284
0.1 567
o.2200
0.3580
0.5130
0.6620
o.7711
0.8428
0.8910
o.s276
0.9555
0.9750
0.9840
0.9925
1 .0002
1 .0075
1.0143
1 .0209
1 .0273
1 .0336
1 .0398
't .0459
1 .0518
1.0571
1 .0619
1 .0663
1 .0704
't.0742

1 .Q778
1 .0812
1 .0845
1.0875
1 _0905

Pl adj

0.025
o.o27
0,030
0.036
0.043
0.053
0.063
0.070
o.074
0.080
0.110
0.247
0.538
0.605
0.581

o.425
o.?79
0.188
0.143
0.108
0.076
0.035
0.033
0.030
0.028
o.027
0.026
0.025
0.025
0.o24
0.024
0.023
o.o21
0.019
0.017
0.016
0.015
0.014
0.013
0.012
0.012
0.012

PC adj
n

o.o2
0.05
0.08
o.12
0.16
0.21
o.28
0.35
0.42
0.50
0.61
0.86
1 .40
2.OO

2.58
3.01
3.29
3.47
J.OZ

3.80
3.84
1e7
3.90

J,YO

J_!,at

4.01
4.03
4.06
4.08
4.10

4.14
4.16
4.17
4.19
4.20
4.22
4.23
4.24
4.25

I
I
t
I
-
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3.583
J.OO /

3.750
3.833
3.917
4.000
4.083
4.167
4.250
4.333
4.417
4.500
4.583
4.667
4.750
4.833
4.917
5.000
5.083
c. lo,
5.250
s.333
5.417
5.500
5.583
5.667
5.750
5.833
5.917
6.000

0.0029
0.0028
0.0028
0.0028
0.0028
0.0028
0.0029
0.0030
0.0030
0.0031

0.0031
0.0031
0.0031
0.0032
0.0032
0.0031

0.0031
0.0031

0.0031
0.0030
0.0030
0.0030
0.0029
0.0029
0.0029
0.0029
0.0029
0.0028
0.0028
0.0028

1 .0934
1 .0962
1 .0990
1.1018
1.1046
1 .1074
1 .1 103

1.1133
1 .1163
1 .1 194
1 .1225
1 .1256
1.1288
1 .1319
1 .1351
1 .1382
1 .1413
1.1444
1.1475
1 .'t 505
1 .1535
1 .1564
1 .1594
1.1623
1 .1651
1.1680
1.1709
I .1737
1_1766

1.1794

0.011

0.011
0.011
0.01 1

0.011
0.011

0.011
o.o12
0.412
0.o12
0.012
0.012
0.012
0.012
0.012
o.o12
0.012
o.012
0.012
0.012
0.012
0.o12
0.011
0.011
0.011
0.011
0.011
0.011

0.011

0.01'l

4.26
4.28
4.29
4.30
4.31
4.32
4.33
4.34
4.35

4.38
4.39
4.40
4.41

4.43
4.44
4.45
4.46
4.48
4.49
4.50
4.51
4.52
4.53
4.54
4.56

4.58
4.59
4.60

t

t
I
t
t
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M06-20.R03
Region 3, Design Hyetograph
Intermediate Duration Storm; 20% exceedance

TIME PI
0

0.25 0.0031
0.50 0.0031
0.75 0.0032
1.00 0.0032
1 .25 0.0032
1 .50 0.0033
1.75 0.0034
2.00 0.0035
2.25 0.0036
2.50 0,0037
2.75 0.0038
3.00 0.0040
3.25 0.0041
3.50 0.0043
3.75 0.0046
4.00 0.0048
4.25 0.0052
4.50 0.0055
4.75 0.0060
5.00 0.0064
5.25 0.0069
5.50 0.0075
5.75 0.0081
6.00 0.0087
6.25 0.0094
6.50 0.0101
6.75 0.0109
7.00 0.0117
7 .25 0.0126
7.50 0.0135
7.75 0.0145
8.00 0.0155
4.25 0.0165
8.50 0.0177
8.75 0.0188
9.00 0.0200
9.25 0.0213
9.50 0.0225
9.75 0.0238

10.00 0.0250
10.25 0.0262
10.50 0.0275
10,75 0.0287

PC
0

0.0031
0.0062
0.0094
0.0126
0.01 58
0.0191

o.0225
0_0260

0.0295
0.0332
0.0370
0.0410
0.0451
0.0494
0.0540
0.0588
0.0640
0.0695
0.0755
0.0819
0.0888
0.0963
0.1043
0.1 130
o.1224
0.1325
0.1433
0.1550
0.1676
0.1810
0.1955
o.2't 10
o.2275
o.2452
o.2640
o.2440
0.3053
o.3278
0,3516
0.3766
0.4028
0.4303
0.4590

Pl adj

0.014
0.o14
0.014
0.014
0.014
0.015
0.015
0.015
0.016
0,016
0.017
0.018
0.018
0.019
0,020
0.021
0.023
0.024
0.026
0.028
0.030
0.033
0.036
0.038
0.041
0.o44
0.048
0.051

0.055
0.059
0.064
0.068
0.073
0.078
0.083
0.088
0.094
0.099
0.105
0.110
0.115
o.121
0.'126

PC adi
0

0.014
o.027
0.041
0.055
0.070
0.084
0.099
0.114
0.130
0.146
0.163
0.180
0.198
o.217
o.238
0.259

0.28
0.31
0.33
0.36
0.39
0.42
0.46
0.50
0.54
0.58
0.63
0.68
0.74
0.80
0.86
0.93
1.00
1.08
1 .16
1 .25
1.34
1 .44
1.55
1.66
'l .77
1 .89
2.O2
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11.00

11 .25

11.50

11.75
12.00

1?.25
12.50

12.75
13_00

13.25

13.50
13.75

14.00
14.25

14.50
14.75
15.00
15.25
15.50
15.75

16.00
'16.25

16.50
16.75
17.00

17 .25

17.50
17 .75
18.00

0.0299
0.0310
0.0322
0.0334
0.0345
0.0357
0.0368
0.0378
0.0388
0.0630
0.1390
0.0815
0.0315
0.0305
0.0295
0,0285
0.0275
o.0264
0.0234
0.0208
0_0184

0.0164
0.0146
0.0131
0.01 19

0.0109
0.0101
0.0096
0.0094

0.4888
0.5199
0.5521
0.5855
0.6200
0.6557
0.6925
o.7302
0.7690
0.8320
0.9710
1 .0525
I .0840
1.1145
1.1440
1 .1725
1 .2000
1 .2264
1 .2499
1 .2707
1.2891
1 .3055
I .3200
1 .3331

1 .3450
1 .3559
1.3660
1 .3757
1 .3850

0.132
0.136
o.142
o.147
0j52
0.157
0.162
0.166
Q.171
0 277
0.612
0.359
0.139
0.134
0.130
0.125
0.121
0.116
0.103
0.092
0.081
o.072
0.064
0.058
0.052
0.048
0.044
0.o42
0.041

2.15
2.29
2.43
2.58
2.73
2.89
3.05
3.21
3.38
3.66
4.27
4.63
4.77
4.90
C,UJ

5.16
J.26

5.40
5.50
5-5V

5.67
5.74
5.81
5.87
5.92
5.97
6.01
6.05
6.09

I
I
I

I
I
I
I
I
I
I
I
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M24-20i.R03
Region 3, Design Hyetograph
Long Duration Slorm (high intensity): 20% exoeedance

0

1.0

1.5

2.5
3.0

PI

0.0001
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0.0003
0.0004
0.0004
0.0004
0.0005
0.0005
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0.0006
0.0007
0.0008
0.0008
0.0009
0.0010
0.0010
0.0011
0.0012
0.0014
0.0015
0.0016
0.0018
0.0020
0.0022
0.0024
0.0026
0.0029
0.0032
0.0034
0.0037
0.004'1

0.0044
0.0047

PC

0
0.0001
0_0003

0.0004
0.0005
0.0007
0.0009
0.0011
0.00'13

0.0015
0.0018
0.0021

0.0024
0.0028
0.0032
0.0036
0.0041
0.0046
0.0052
0.0059
0.0066
0.0073
0.0081
0.0090
o.oloo
0.0110
0.0122
0.0134
0.0147
0.0162
0.0179
0.0197
o.Q217
0.0239
0.0263
0.0289
0.0318
0.0350
0.0384
o.0422
0.0463
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0.0554

Pl adj

0.001
0.001
0.001
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0.002
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0.006
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0._007

0.008
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0.010
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0.01'1

0.012
0.0r3
0.014

_ _0,.0,:1,5

0.017
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o.021
o.o23
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0.033
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0.045
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0.00
0_00
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0.01
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o.02 -
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o -14
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0.3'l
0.34
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o.41

0.45
0.49
0.53
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4.5
5.0
5.5
6.0
6.5
7.O
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8.5
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1 r.0
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21.5
22.0
2?.5
23.O

23.5
?4.0
24.5
25.O

25.5
26.O

zo-c
27.O

28.O

16-J
?9.O

29.5
30.0
30.5
3r.0
31.5
32.0
32.5
33.0
33.5
34.0

?qn
35.5
36.0

37.0

38.0
38.5
39.0
Jv.c
40.0

41 .0
41.5
42.0
42.5
43.0
43.5
44.Q

44.5
45.0

46.0
46.5

0.0051
0.0055
0.0059
0.0063
0.0067
0.0072
0.0076
0.0081
0.0085
0.0090
0.0094
0.0098
0.0103
0.0107
0.01 11

0.0115
o.0120
0.0124
0.0128
0.0135
0.0144
0.0155
0.0169
0.0185
Q.0204
o.0222
0.0238
0.0254
0.0269
0.0280
0.0290
0.0300
0.0310
0.0320
0.0710
0.0430
0.0386
0.0351
0.0320
0.0295
0.0276
0.0259
0.0249
0.0238
o.0227
0.02'14
0.0199
0.0183
0.0167
0.015't
0.0137

0.0605
0.0660
0.0718
0.0781
0.0848
0.0920
0.0996
o.1077
0.1162
o.1252
0.1346
0.1444
0.1547
0,1654
0.1765
0.1881
0.2000
0.2124
o.2252
0.2387
0.2530
0.2686
0.2855
0.3040
o.3244
0.3465
0.3704
0.3958
0.4227
0.4507
0.4797
0.5097.,
0.5407
0.57?7
0.6437
0.6867
0.7253
0.7604
0.7924
0.8219
0.8495
0-8754
0.9003
0.9241
0.9468
0.9682
0-9881
1 .0064
1.0231
1 .0383
1.0520

0.049 0.58
0.053 0.63
0.057 0.69
0.061 0.75
0.064 0.82
0.069 0.89
0.073 0.96
0.078 1 .04

0.082 1_12

0.087 1.20
0.090 1.29
0.094 1.39
0.099 1 .49
0.103 1.59
0.107 1.70
0_11 1 1.81

0.115 1.92

0.119 2.04
0.123 2.17
0.130 2.30
0.139 2.43
0.149 2.58
0.163 2.75
0.178 2.92
0.196 3.12
0.214 3.33
0.229 3.56
0.244 3.81

0.259 4.O7

0.269 4.34
0.275 4.61
0.289 4.90
0.298 5.20
0.308 5.51
0.683 6.19
0.414 6.61

0.371 6,98
0.338 7.32
0.308 7 .62
0.284 7 .91

0.266 8.17
0.249 8.42
0.240 8.66
0.229 8.89
o.?18 9.11

0.200 9.31
0.191 9.51
0.176 9.68
0.161 9.84
0. r45 9.99
0.132 10.12
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47 .0

47.5
48.0
48.5
49.0
49.5
50.0
50.5
51 .0

51 .5

52.0
52.5
53.0
53.5
54.0
54.5
55.0

56.0
56.5
57.0
b/-5
s8.0
58.5
59.0
59.5
60.0
60.5
61.0
61.5
62.O

62.5
63.0
03.5
64.0
64.5
05.0
|lc-c
66.0
66,5
67.0
67.5
68.0

69.0
69.5
70.0
70.5
71 .O

7'1.5

0.0125
0.0114
0.0r 05
0.0097
0.0090
0.0083
0.0076
0.0069
0.0063
0.0057
0.0052
0,0047
0.0042
0.0038
0.0033
0.0030
0.0026
0.0023
0.0020
0.0017
0.0015
0.00'13
0.0012
0.0010
0.0009
0.0009
0.0009
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
0.0008
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0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
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1 .1872
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1.1896
1.1904
I .1912
1 .1920
1 .1928
1 .1935
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1.1994

0.120 10.24
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0.055 10.97

0.050 11.02
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0.040 11.10
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0.016 11 .28

0.014 11.30
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0.008 11.37
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0.007 1 '1.53

0.007 11.54

I



I
I

,l 
1

-t.1 

)1i,1 i,,t1
M24-20v.R03
Region 3, Design Hyetograph
Long Duration Storm (high volume); 20% exceedance
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TIME

0
u-c
1.0
1.5
2.O

2.5
3.0
J.C

4.0

5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

10.0

10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0
15.5
't 6.0

17 .O

17.5
18.0
1 8.5
19.0
'1 9.5
20.0
20.5

PI

0.0017
0.0017
0.0017
0.0017
0.00't 7

0.0017
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0019
0.0019
0.0019
0.0019
0.0019
0.0019
0.0020
0.0020
0.0021
o.oo22
0.0023
0.0025
0.0026
0.0028
0.0029
0.0031
0.0033
0.0035
0.0038
0.0040
0.0043

0
0.0017
0.0035
0.0052
0.0070
0.0087
0.0105
o.0122
0.0140
0.0157
0.0175
0.0193
0.0210
0.0228
0.0246
0.0264
0.0282
0.0300
0.0318
0.0337
0.0355
0.0374
0.0392
0.0411
0.0430
0.0449
0.0468
0.0488
0.0509
0.0530
0.0552
0.0575
0.0600
0.0626
0.0653
0.0682
o,0714
o.0747
o.0782
0.0820
0.0861
0.0904

Pl adj

0.016
0.016
0.016
0.016
0.016
0.016
0.017
0.017
0.017
0.017
0.017
0.017
0.017
0.017
0.017
0.017
o.o17
0.017
0.017
0.017
0.018
0.018
0.018
0.018
0.018
0.018
0.019
0.019
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o.o2?
o.o24
0.025
o.o27
0.028
0.030
0.032
0.034
0.037
0.038
0.041

PC adi

0.02
0.03
0.05
0.07
0.08
0.10
0.12
0.13
0.15
0.17
0.19
0.20
0.22
0.24

. o.25
o.27
o.29
0.31

0.32
0.34
0.36
0.38
0.40
0.41

0.43.-
0.45
o.47
0.49
0.51
0.53

0.58
0.60
0.63
0.66
0.69
o.7?
0.75
0.7s
0.83
0.87
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21.0
21 .5

22.0
2?.5
zJ.u

24.O

24.5
25.0
25.5
26.0
26.5
27 .O

?7 .5
28.0
28.5
29.0
29.5
30.0
30.5
31.0

32.O

34.0
34.5

aR<

36.0

37.0
37 .5
38.0
38.5
39.0
39.5
40.0
40.5
41.0
41 .5
42.0
42.5
43.0
43.5
44.O

44.5
45.0

0.0046
0.0049
0.0052
0.0056
0.0060
0.0064
0.0068
0.0073
0.0079
0.0086
0.0094
0.0103
0.0114
0.0125
0.0135
0.0144
0.0152
0.0159
0.0164
0.0169
0.0173
0.0178
0.0183
0.0187
0.0192
0.0197
o.0202
0.0208
o.0214
o.0223
0.0234
o.0247
0.0262
0.0284
0.0320
0.0600
0.0390
0.0335
o.0322
0.0309
0.0296
0.0283
0.0270
0.0257
0.0244
0.0231
0.0?20
0.0209
0.0200

0.0950
0.0999
0j052
0.r 108

0.1168
o.1232
0.1300
0.1373
0.1452
0.1538
0.1633
0.1736
0.1850
0.1975
0.21 10

0.2255
0.2407
0.2566
0.2730
0.2899
0.3072
0.3250
0.3433
0.362'1

0.3813
0.4010
0.4212
o.4420
0.4634
0.4857
0.5091

0.5338
0.5600
0.5884
0.6204
0.6804
o.7194
0.7529
0.7851

0.8160
0.8456
0.8739
0.9009
0.9266
0.9510
o.9741
0.9961
1 .0170
1.0370

0.044
o.047
0.050
0.054
0.058
0.062
0.065
0.070
0.076
0.083
0.090
0.099
0.1 10
o.120
0.130
0.139
0.146
0.153
0.158
0.163
0.166
Q.171
0.176
0.180
0.185
0.190
0.194
0.200
0.206
0.215
o.?25
0.238
o.25?
U,ZIJ
0.308
o.577
0.375
o.322
0.310
0.297
0.285
o.272
0.260
o.247
0.235
0.222
o.212
0.201
0.192

0.91
0.96
1.01

1 .O7

1 .12
1 .19
1 .25
1 .32
'l .44
1 .48
't .57
I .67
't.78

1 .90
2.03

2.32

2.63
2.79
I _Vil

'7 4a

3.30
3.48
3.67
3.86
4.05
4.25

4.67
4.90
5.14
5?O

5.66.
5.97
6.55
t]-vz
7 .24

/-65
8.13
8.41
8.67
8.91
9.15

9.58
9.78
9.98
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45,5 0.0190
46.0 0.0180
46.5 0.0164
47.O O.O147

47.5 0.0130
48.0 0.0112
48.5 0.0094
49.0 0.0079
49.5 0.0067
50.0 0.0058
50.5 0.0052
51.0 0.0049
51.5 0.0049
52.0 0.0049
52.5 0.0049
53.0 0.0049
53.5 0.0048
u,o 0.0048
54.5 0.0048
55.0 0.0047
55.5 0.0047
56.0 0.0046
56.5 0.0046
57.0 0.0045
57 .5 0.0044
58.0 0,0043
58.5 0.0042
59.0 0.0041
59.5 0.0040
60.0 0.0039
60.5 0.0038
61.0 0.0036
61.5 0.0035
62.0 0.0034
62.5 0.0033
63.0 0.0032
63.5 0.0031

64.0 0.0030
64.5 0.0029
65.0 0.0028
65.5 0.0028
66.0 0.0027
66.5 0.0026
67.0 0.0026
67.5 0.0025
68.0 0.0025
68.5 0.0024
69.0 0.0024
69.5 0.0024

0.183 10.16

0.173 10.33

0.158 10.49
0.141 10.63
o.125 '10.76

0 108 10.86

0.090 10.96

0.076 11.03

0.064 11.10

0.056 11 .15

0.050 11.20

0.047 11 .25

0.047 1 1 .30

0.047 11.34

0.047 'l 1 .39
0.047 11.44

0.046 1 1 .48

0.046 '1 1.53

0.046 11.57

0.045 11.62

0.045 11.67

o.o44 11.71

0.044 11.75

0.043 1 1 .80
0.042 1 1 .84

0.041 1 1.88

0.040 11 .92

0.039 1 1.96

0.038 12.00
0.038 12.04

0.037 12.07

0.035 't2.11

0.034 12.14

0.033 1?.18

0.032 12.21

0.031 12.24
0.030 12.27

0.029 12.30

0.028 12.32

0.027 12.35

o.o27 12.38

0.026 12.40

0.025 12.43

0.025 '12.46

0.024 12.48

0.024 12.50
0.023 12.53

0.023 12.55
0.023 12.57

1 .0560
1 .O7 40
1 .0904
1.1051

1.1181
r I toa
1 .1388
1.1467
1 .1534
1.1592
1 .1644
1 .1693
1.1742
1 .1791
1 .1839
1.1888
1.1936
1.1985
1 .2032
1 .2080
1 .2127
1 .2173
1 .2219
1 .2264
1.2308
1 .2351
1 .2393
1 .2434
1.2474
1 .2513
1 .2551
1 .2587
1 .2622
1 .2656
1 .2689
1 .2721
1.2752
1 .2782
1.2811
1 .2840
1 .2868
1.2895
1 .29?1
I .2947
1 .2972
1 .2996
1.3021

1.3045
1.3068
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70.0
70.5
71.O

71.5
72.O

0.0023
0.0023
0.0023
0.0023
0.0023

1.3092
1.3115
1 .3138
1.3160
1 .3183

0.o22
o.o22
0.022
0.022
o.022

12.59
tt-ot
12.64

12.66
12.68
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Cumulative precipitation multipliers for design hyetcgraphs

MDW,7/31/01

Eastern Washington Mountains
Region : 1

Short duration storm 1 .0752

lntermediate storm 1 .3680

Long, high-intensity storm 1 .3136

Long, high-volume storm 1.5070

Western Washington Puget Sound
Region: 3

Short duration storm 1.1794

lntermediate storm 1 .3850

Long, high-intensity storm 1.1994

Long, high-volume storm 1.3183

Central Basin
2

1.0752

1 .2570

1.1553

1 .2796

Mountains
4

1 .1794

1 .5792

1 .4195

1 .6977

page 1 of 1

Coast
J

1.1794

1.4810

1 .3205

r a1<n



Appendix E

Design Sform Calculations and Routing Analysis
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Appendix E

Design Storm Calculations and Routing Analysis
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Short 2 Hour Precipitation

KING COTJNIY DEPARTMENT OF PUBLIC WORKS

surface water Managemenc Dlvi.s ion

HYDROGMPH PROGRAMS

Version 4.218

INFO ON THIS PROGRAM

SBUHYD
MODIFIED SBUHYD
ROIITE
ROUTE2
ADDHYD
BASEFLOW
PLOTI]YD
DATA
RDFAC
RETURN TO DOS

I
T

t
I
I
I
I
t
T

I
t
I
T

ENTER
4

OPTION:

RESERVOTR ROITIING II(FI,OW/OUTFT,OW

sPECIFY [d: ] [path] filename[.exc]
f : \berryer\hyd\madsen\r1P17
DISPLAY ROUTING DATA (Y O:. N)?

v

ROIIfING DATA:

ROl'IINE

OF ROUTING DATA

STAGE ( FT)
.00
.28

1- 04

3 -02
3.25

3.84
3.98
a 11

4 .27
4 .3'7
4.4'7
4 .57

4.77
4 .8'7
4 .9'7
5.07

5 .4't
5 .57
5 .67

2POut.doc

DISCHARGE ( CFS )

.00
- 30
.40
'57
.82

1.00
1.58

J q1

4.23

10.90
1-3 .92

25 .64

42.01
51.55
51- 88
'72.95
84.?0
96 .40

106.82
113.25
113.50
113.90
114.20
114.50

STORAGE (CU-FT)
.0

3734'1 . O

69940.0
142502 . O

307288.0
395857.0
443092 . O

4'7 93',12 . O
s10560.0
5?7513.0
60r986.0
6347 56 . O

652067.0
669541.0
68?120.0
704804.0
722594 . O

?40489.0
?58491.0
1'16600.o
?94815.0
813137.0
831567.0
850180.0
858?50.0
887504.0
906366.0
925338.0

PERM,AREA (SQ-FT)
.0
-0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
-0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0



I
I
I

5 .4'7

6.0'7

114.80
1 15.00
r15 . 42
Lr5 .12

944418.0
963508.0
942907 . O

1002317.0

. O MINUTES/ INCH

Short 2 Hour Precipitation

.0

.0

.0

.0

AVERAGE PERM- RATE:

ENTER [d:] [PAthJfilCNAMC[.EXT] OF COMPUTED HYDROGRAPH:

I 
f: \berrver\hyd\madsen\ zhr\ 2 hbq

INFI,OW/OI'TFI,OW INAIJYS IS :

t
t
I
I
I

PEAK- INFLOW ( CFS ) FEAK. OI]TFLOW ( CFS ) OUTFLOW-VOL ( CU- FT)

189.81 46.22 6553S4

INITIAL- STAGE (FT) 'P1Yg-6P- PEEK ( HRS ) PEAK-STAGE-ELEVIFT)
43? . OO 2 .92 44I -7L

PEAK STORAGE: ?30480 CU- FT

ENTER td:] [PALh] fIIENAME [ . CXT] FOR STORAGE OF COMPUTED HYDROGRAPH:

f : \berryer\hyd\madsen\2hr\2r1P17

SPECIFY: C - CONTINUE, N - NEWJOB, P - PRINT, S - STOP, R - REVISE

s

I
I
I
I
t
t
I
I
I
I

2POut.doc
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I
I
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T

I
l
I
I
T

I
t
I
I
I
I
I
I

Intermediate 6 How Precipitation

KING COTJNTY DEPARTMENT OF PUBLIC WORKS

Surface water Management Div j-sion

HYDROGRAPH PROGRAMS

Version 4.218

] - INFO ON THIS PROGRAM

2 - SBUHYD

3 - MODIFIED SBUHYD

4 . ROIITE
5 - ROTJTE2

5 - ADDHYD
7 - BASEFLOW

8 - PLOTHYD
9 - DATA

10 - RDFAC
11 - RETURN TO DOS

ENTER
4

OPTION:

RESERVOIR ROI'TING INF!'OW,/OIITFLOW

SPECIFY td: I tpathl filename [.ext]
f , \berryer\hyd\madsen\rlP1?

DISPLAY ROUTING DATA (Y OT N) ?

v

ROTITING DATA:

ROUTINE

OF ROUTING DATA

STAGE ( FT )

.00

.28

1.04

3.02

3.44
3-84
3.98
4 .77
4 .2'7
4.37
4.47
4 .5?
4 .67

4 .47

5.07

5 .27

5.47

6POut.doc

DISCHARGE (CFS)
.00
.30
.40
.57
.42

1.00
1.58
2 .64

4 .23
5.05

10-90
!3 .92
19.09
25.64
33 .34
42 .01

61.88
'12 .95
a4 .'7 0
96.40

106 .82
113.25
113.50
113.90
114.20

STORAGE (CU-FT)
.0

37347 .O
69940 - 0

142502 . O

30?288.0
'ro<o<? n

443092 . O

4'7 9372 . O

510650.0
5775i-3.0
601986.0
634756 .O
65206"1 . O

559541.0
68?120.0
?04804. 0

722594 - O

?40489.0
758491 .0
?76600.0
?94815.0
813r37.0
831557. 0

850180.0
868750.0
887504.0
905366.0

PERM-AREA ( SQ- FT)
.0
.o
.0
.0
-0
.0
.0
.0
,0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.o

n

.o

.0

.0

.0

.0
o

,0

t



I
I
I
I
I
I
I
I
t
I
I
I
I
I
t
I
t
I
I

6.07

114 .50
114.80
115.00

I75.72

925338.0
944418.0
963608.0
9A290'7 . 0

100231?.0

. O MINUTES/ INCH

Intermediate 6 Hour Precipitation

.0

.0

.0

.0

.0

AVERAGE PERM- RATE:

ENTER [d:] fpath]filename[.ext] oF coMPtrTED HYDROGRAPH:

f: \berryer\hyd\madsen\ 6hr\ 6hbq

INF',OW/OIXTFI.OVI ANAI,YS I S'

PEAK. INFLOW (CFS ) PEAK- OUTFLOW (CFS ) OUTFLOW. VOL (CU. FT )

8'7 .49 5',7 .4r 1950 03

INITIAL-STAGE(FT) TIME-OF.PEAK(HRS) PEAK-STAGE ELEV(FT)
437.00 14.42 {41.83

PEAK STORAGE: 750595 CU-FT

ENTER [d:] lpaLhlfilename[.exI] FOR STORAGE OF COMPUTED HYDROGRAPH:

f : \berryer\hyd\madsen\ 6hr.\ 6 !1P17

SPECIFY: C - CONTINUE, N - NEWJOB, P- PRINT, S STOP. R - REVISE

6POut.doc



1-
2-
3-
4-
5-
6-
7-
8-
9-

10 -
11 -

I
I
I
I
I
I

Long 24 Hour PreciPitation
High Intensity

KING COUNTY DEPARTMENT OF PUBLIC WORKS

Surface water Management Division

HYDROCRAPH PROGRAMS

version. 4.218

INFO ON THIS PROGRAM

SBUHYD
MODIFIED SBUHYD

ROUTE2

ADDHYD
BASEFI,OW
PI,OTHYD
DATA
RDFAC
RETURN TO DOS

T

I
I
I
I
T

I
t
I
I
I
I
I

ENTER
4

OPTION:

RESERVOIR ROIIIING INFITOW/OUTFLOW ROUTINE

SPECIFY td,l tpathlfilename[.exl] OF ROU'IING DATA

f : \berryer\hyd\madsen\rlP17

DISPLAY ROT'TING DATA (Y OT N)?
v

ROUIING DA?A I

STAGE ( FT)
.00

1.04

2 .13
3.02
3.25
3 .44
3.84

4.L7

4 .37
4 .47
4 . 5'l

4.11
4 .87
4 .97

5 ,27
5.37

I4POuldoc

DISCIIARGE (CFS)
.00
.30
.40
'57
.82

1-00

2.9r
4 .23
5. O5

10.90

19.09
25 .64

42 .O!

61.88

84 .'7 0
96.40

105.82
-Ll.'. Z>
113.60
113.90
t14.20

STORAGE ( CU - FT )

.0
37147 . O

59940 - 0
L42502 . O

30?288.0
39s857.0
443092.0
479372.O
510660.0
577513.0
501986.0
634'756.O
65206'7 . O

659541.0
687120.0
?04904.0
'722s94 . O

740489.0
758491.0
?76600 - 0

794815.0
81313 7 . 0
831567.0
850180.0
868750.0
88?504.0
906366.0

PERM-AREA {SQ-FT)
.0
.0
.0
.0
,0
.0
.0
.0
.0
-0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.o
.0
.0
.0
.0
.0
.0



I
I

I
I

I
I
t

9 -'7'7 114 .50
5.87 114 .80
5.9'l 115.00
5 - 0'7 rr5 .42
6 . 7'7 ).Ls .'? 2

AVERAGE PERM-RATE: .O

92s338 - 0

944418.0
963608.0
98290'l . O

100231?.0

MINUTES/ INCH

I-ong 24 Hour Precipitation
High Intensity

.0

.0

.0

.0

.0

I
I
I
I
I

ENTER [d:]lpachl filename[.ext] oF COMPUTED HYDRoGRAPH I

f : \berryer\hyd\madsen\ i4hr\ i4hbq

INFLOW/OIIIPLOW ANALYS IS !

PEAK- I NFLOVi (CFS ) PEAK- OLTTFI,OW { CFS ) OUTFLOW-VOL ( CU- FT)

58.36 ss ' 19 2559724

I NITIAI, STAGE(FT) TIME-OF'PEAK{HRS) PEAK- STAGE- ELEV ( FT )

4jj.OO 39.00 441.81

PEAK STORAGE: ?46820 CU-FT

ENTER [d:] IPATh] fiICNAMC['EXt] FOR STORAGE OF COMPUTED HYDROGRAPH:

f : \berryer\hyd\madsen\ 14hr\ i4rP17

SPECIFY: C - CONTINUE, N - NEWJOB, P - PRINT, S - STOP, R - REVISE

6

14POut.doc



t Long 24 Hour Precipitation
High Volume

KING COUNTY DEPARTMENT OF PUBLIC WORKS

Surface water Management Dfvl slon

1

2

3

5

5
'1

8

9
10
11

ENTER
4

I
I
I
T

T

I
I
I
t
t
I
I
I
t
t
I
t
I

HYDROGRAPH PROGRAMS

version 4.218

- INFO ON THIS PROGRAM

- SBUHYD
- MODIFIED SBUHYD
- ROUTB

- ROUaE2
. ADDHYD
- BASEFLOW
, PLOTHYD
- DATA
- RDFAC

- RETURN TO DOS

OPTION :

RESERVOTR ROUTTNG II{Fr,OW/OUTFI,OW

SPECIFY td,I [path] filename [.ext]
f : \berryer\hyd\madsen\r1P17

DISPLAY RoUTING DATA (Y or N) ?

v

ROIITING DATA:

ROUTINE

OF ROUTING DATA

STAGE ( FT}
.00
'24

1. 04

2 .73
3 .02

3 .44
3.84

4 .17
4 .2'7
4.37
4 -47
4 .57
4.67
4 -77
4 .4'7
4 .97
5.O'l
5 . 1-7

5.57
5 .67

V4POuldoc

DISCHARGE (CFS)
.00
.30
.40
.5'7
'82

1.00
1.58
2-64
2 .9r
4 .23
5.0s

10.90

19.09

33.34
42.0L
51.55
61.88

84.70
96.40

106.82

114.20

STORAGE (CU-FT)
.0

3'7147 . O

59940.0
).42502 . O

30?288.0
395857.0
443092 . 0
4'7 9372 . O

5r.0550.0
s7'15\3 . A

501986.0
534756.0
65206'7 - O

66954r.0
687120.0
704804.0
722394 . O

?40489. 0

758491.0
?76500 - 0
'794415.O
813137.0
s3L567.0
8s0180.0
858?50.0
88?504.0
906366.0

PERM-AREA (SQ- FT)
.0
.0
.0
-0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0



t
T

I

5.77
5.87

6.O7

114 . 50
114 . B0
115.00
rts .42
rL5.72

925338.0
9444\A . O

953508.0
9A2907 . O

1002317.0

. O MINUTES/ INCH

[,ong 24 Hou Precipitation
High Volume

.0

.0

.0

.0

.0

t
I

AVERAGE PERM'RATE:

EMrER [d:] lpath] filename[.exc] oF CoMPUTED HYDRoGRAPH:

f : \berryer\hyd\madsen\v4hr\v4hlcq

INFI,OW/OUTFIJOW ANAI'YSTS :

ENTER td:] [PAth]filCNAMC[.EXT] FOR STORAGE OF COMPUTED HYDROGRAPH:

f : \berryer\hyd\madsen\v4hr\v4 rP1?

SPECIFY: C - CONTINUE, N - NEWJOB, P - PRINT, S - STOP, R - REVISE

I
I
I
I
I
I
I
I

I

t
I
I

I

I

PEAK- INFLOW ( CFS ) PEAK.OUTFLOW (CFS ) OUTPLOW- VOL ( CU' FT)

5r. g't 49 .43 2asL285

INI TIAL- STAGE ( FT) TIME-OF - PEAK (HRS ) PEAK- STAGE - ELEV ( FT )

437 .oO 39. o0 44L.75

PEAK STORAGE: ?35500 CU- FT

V4POut.doc



t
I

Short 2 Hour Storm

KING COUNTY DEPARTMENT OF PUBLIC WORKS

Surface Water Management Division

I
I
I
I
I

HYDROGRAPH PROGRAMS

version 4.2L8

I INFO ON THIS PROGRAM

2 - SBI'ITYD
], MODIFIED SBUHYD
4 - ROUTE
5, ROUTE2

5 - ADDHYD
?. BASEFLOW
8 , PLOTHYD
9 - DATA

10 - RDFAC
11 - RETURN TO DOS

ENTER OPTION:
2

I sBuH/scs METHoD FoR coMPLnrNG RUNOFF HYDRoGRAPH

I
STORM OPTIONS :

I
t

1 - S.C.S- TYpE 1A
2 - 7.DAY DESIGN STORM

3 - STORM DATA FILE

SPECIFY STORM OPTION:
3

I ENTER [d:] lpath]filename[.ext] oF sToRM DATA-FrLE
r f ' \be rryer\hyd\madsen\ 2 hr\ hr2

I STORM DATA FILE "f: \berryer\hyd\madsen\ 2hr\hr2
sToRM DURATION: 6 HOURS **** TOTAL PRECIP: 4.57n ********

T

t

I
I
t

I

ENTER: A(PERV) , CN(PERV), A(IMPERV), CN(IMPERV), TC FOR BASIN NO. 1

14.15 90 10 .25 98 35

DATA PRINT.OUT:

AREA(ACRES) PERVIOUS IMPERVIOUS TC (MINUTES)
ACNACN

24.4 14. t 95.3 10.3 99.2 35. O

PEAK-Q(CFS) T-PEAK(HRS) VOL (CU-FT)
75.54 1.33 36S131

ENTER [d: ] [path] filename [.ext] FOR STORAGE OF COMPUTED HYDRoGRAPH:

t : \berryer\hyd\madsen\2hr\B15Q

SPECIFY: C - CONTINUE, N - NEWSTORM, P - PRINT, S - STOP
c

I
2HBQ.doc



I
I
I
T

I
I
I
I
I
I
I
t
I
t
I
I
I
I
T

I

Short 2 Hour Storm

ENTER: A(PERV) , CN(PERV), A(IMPERV), CN(IMPERV) , TC FOR BASIN NO. 2

22.5 90 20.62 9A 43.1

DATA PRINT.OUT;

AREA(ACRES) PERVIOUS IMPERVIOUS TC (MINUTES)

ACNACN
43.r 22.5 9s.3 20.6 99.2 43.L

PEAK-Q(CFS) T-PEAK(HRS) VOL ( CU- FT )

119.70 | -42 6s1986

ENTER Id:] [PAIh] f1IENAME[.EXt] FOR STORAGE OF COMPIITED HYDROGRAPH:

f : \berryer\hyd\madsen\2hr\81 9Q

SPECIFY; C - CONTINUE. N - NEWSTORM, P - PRINT, S STOP

s
PEAK-Q(CFS) T-PEAK(HRS) VOL (CU- FT)

651986119.?0

ENTER td:] lpath] filenaMc [.EXt] FOR STORAGE OF COMPUTED HYDROGRAPH:

f : \berryer\hyd\rnadsen\2hr\B 9

SPECIFY: C - CONTINUE, N - NEWSTORM, P - PRINT. S - STOP

S

2HBQ.doc
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I
I
I
I
I
I
I

Shod 2 Hour Storm

KING COUNTY DEPARTMENT OF PUBLIC WORKS

surface water Management Divis ion

HYDROGRAPH PROGRAMS

Version 4 . 218

1 - INFO ON THIS PROGRAM

2 - SBUHYD
3 - MODIFIED SBUHYD

4 . ROUTE
5 - ROUTEz
6 . ADDITTD

? _ BASEFLOW
8 _ PLOTHYD
9 . DATA

10 - RDFAC
11 - RETURN TO DOS

MINUTES
MINUTES

T

T

I
I
t
I
I
I
I
I
I
t

ENTER OPTION:

ROUTINE FOR ADDING HYDROGRAPHS

ENTER: [d:] [path] filename[.ext] oF HYDRoGRAPH

f : \berryer\hyd\madsen\2hr\b15q

ENTER: TRAVEL TIME (MINUTES) OF HYDROGRAPII 1

ENTER: [d:] [Path] filename[.exL] oF HYDRoGRAPH

f ; \berryer\hyd\madsen\2hr\b1 9q

ENTER: TRAVEL TIME (MINUTES) OF HYDROGRAPH 2

0

DATA PRINT-OUT:

HYDROGRAPH 1: PEAK-Q= ?s.00 CFS

HYDROGRAPH 2t PEAK-Q= 119.?0 CFS

HYDROGRAPH SUM: PEAK-Q= 189.81 CFS

TOTAL VOLUME: 102 0113CU- FT

SPECIFY: C - CONTINUE, N - NEWJOB,
f

ENTER [d:] [path] filename[.ext] FoR

f : \berryer\hyd\rnadsen\2hr\2HBQ

SPECIFY: C - CONTINUE, N - NEWJOB'

s

F. FI],E, P. PRINT, S - STOP

STORAGE OF COMPUTED HYDROGRAPH:

F . FILE, P - PRINT, S - STOP

T-PEAK= 1. 58
T-PEAK= | .42

T-PEAK= I.50

HRS TT= 12
HRS TT= 0

HRS

2HBQ.doc
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I

Intermediate 6 Hour Storm

KING COUNTY DEPARTMENT OF PUBLIC WORKS

Surface Water Managemenl Division

HYDROGRAPH PROGRAMS

Version 4.218

1 - INFO ON THIS PROGRAM

2 - SBltrrfi)
3 - MODIFIED SBUHYD

4 - ROUTE
5 _ ROUTE2
6 _ ADDHYD
7 - BASEFLO!,i
8 - PLOTHYD
9 _ DATA

10 - RDFAC
11 - RETURN TO DOS

ENTER OPTION:
2

SBUH/SCS METHOD FOR COMPUTING RUNOFF HYDROGRAPH

STORM OPTIONS:

1- S. C. S. TYPE-1A
2 - '7 -DAY DESIGN STORM

3 . STORM DATA FILE

SPECIFY STORM OPTION:
3

ENTER [d:] [path] filename[.ext] OF sToRM DATA-FILE
f : \berryer\hyd\madsen\5hr\hr6

sToRM DATA FILE " f: \berryer\hyd\madsen\ 6hr\hr6
STORM DURATION: 18 HOURS **** TOTAL PRECIP: 6.06n ********

t
t
I
I
I
t
I

ENTER: A(PERV), CN(PERV), A{IMPERV), CN(]MPERV) , TC FOR BASIN NO'

14-15 90 r0.25 98 36

DATA PRINT-OUT

AREA(ACRES) PERVIOUS IMPERVIOUS TC (MINUIES )

ACNACN
24.4 14 - 1 91.1 10.3 9A.2 36.0

PEAK_Q(CFS) T.PEAK(HRS) VOL (CU-FT)
f3.21 13.67 469538

EMTER td:} [pach] fiICNAMC[.CXt] FOR STORAGE OF COMPUTED HYDROGRAPH:

f : \berryer\hyd\madsen\6hr\B1 5Q

SPECIFY: c - CONTINUE, N - NEWSTORM, P - PRINT, S - STOP

c

6HBQ.doc
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t
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t
t
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I
I
t
I
I
I
I
I
-

Intermediat€ 6 Hour Storm

ENTER: A(PERV) , CN(PERV), A(IMPERV), CN(IMPERV), TC FOR BASIN NO' 2

22.s 90 20.62 9A 43.r

DATA PRINT - OUT:

AREA (ACRES ) PERVIOUS IMPERVIOUS TC (MINUTES)

ACNACN
43 .1 22.5 91. 1 20 -6 9a.2 43. 1

PEAK.Q(CFS) T-PEAK(HRS) VOL (CU- FT)
55.58 t-3,67 836389

ENTER [d:] [PAth]filENAME[.EXT] FOR STORAGE OF COMPUTED HYDROGRAPH:

f , \berryer\hyd\madsen\ 5hr\B19Q

SPECIFY: C - CONTINUE, N - NEWSTORM, P - PRINT, S - STOP

6HBQ.doc



I 
Intermediate 6 Hour Storm

KING COUNTY DEPARTMENT OF PUBLIC WORKS

I Surface water Management Division

HYDROGRAPH PROGRAMS

t verslon 4'218

1 - INFO ON THIS PROGRAM

2 - SBUHYD

I 3 - MoDTFTED SBUHYD
4 - ROUTE
5 - ROUTE2r i-fl^3lil"-
8 - PLOTHYD
9 - DATAI ll - l:ili"," *"

I ENTER oPTroN:
I

I Rou:trNE FoR ADDTNc HYDRocRAPHS

t
ENTER: [d:] {pathl filename[.ext] oF HYDRoGRAPH 1

f \ harrvar\ hwd\madsen\ 6hr\ bl5qII ENTER: TRAVEL TIME (MINUTES) OF HYDROGRAPH 1

L2

I ENTER: [d:] [path]filename[.ext] oF HYDRoGRAPH 2

f : \berryer\hYd\madsen\6hr\b1 9q

I EMIER: TRAVEL TIME (MINUTES) OF HYDROGRAPH 2

IO

DAIA PRINT-OUT:

t HyDRocRApH t: pEAK-e= 33.12 cFs T-pEAK= 13.83 HRS TT= 12 MrNuTEs

HYDROGRAPH 2: PEAK-Q= 55.s8 CFS T-PEAK= 13 67 HRS TT= 0 MINUTES

I HvDRocRAPH sttM: PEAK-Q= 87'49 cFS T-PEAK= 13'6? HRs

I 
TOTAI VoLUME: 13 0 s 92 7CU- FT

I spECrFy: c - coNTrNuE, N - NEW.loB, F- FrLE, p- PRTNT, s - sroP
f

I ENTER [d:] IPATh] fiICNAMC [ . CXC) FOR STORAGE OF COMPUTED HYDROGRAPH:

f : \berryer\hYd\madsen\5hr\6HBQ

I spEcrFy: c - coNTrNUE, N - NEWJoB, F - FrLE, P- PRTNT, s- sroP
Is

I
I

6HBQ.doc
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I

Long 24 Hour Storm
High Intensity

KING COUNTY DEPARTMENT OF PUBLIC WORKS

surface water Management Divj' sion

t
I
I
I
I
I
I
I
I
I
I
I
t
I
t
I
I
-

HYDROGRAPH PROGRAMS

version 4.21B

I INFO ON THIS PROGRAIV.

2 - SBI'ITID
3 - MODIFIED SBUHYD

4 . ROUTE
5 - ROUTE2
6 - ADDHYD
7 - BASEF],OW

8 ' PI,OTHYD
9 - DATA

1O - RDFAC

11 . RETURN TO DOS

ENTER OPTION:
2

SBUH/SCS METHOD FOR

STORM OPTIONS:

COMPUTING RUNOFF HYDROGRAPH

r-erreTVDF-1A

2 . '] -DAY DESIGN STORM

3 . STORM DATA FILE

SPECIFY STORM OPfION:
3

ENTER [d:] [path] filenams [ . extJ oF sToRM DATA-FrLE
F : \BERRYER\HYD\MADSEN\ I4IIR\ I4HR

STORM DATA FILE ' F: \BERRYER\HYD\MADSEN\ I4HR\ I4HR
STORM DURATION: ?2 HOURS **** TOTAL PRECIPT

E}OTER: A(PERV), CN(PERV) , A(IMPERV), CN(IMPERV) , TC FOR BASIN NO.

14.ls 90 10.25 98 36

DATA PRINT-OU?:

AREA(ACRES) PERVIOUS IMPERVIOUS TC (MINUTES )

ACNACN
24.4 14.1 85.8 10.3 97 .1 36.0

PEAK.O(CFS} T-PEAK(HRS) VOL (CU- FT)
21.3s 39.00 920621

EMIER [d:] [PAIh] f i 1ENAMC [ . EXT] FOR STORAGE OF COMPLTTED HYDROGRAPH:

f : \berryer\hyd\madsen\i4hr\b15q

SPECIFY: c - CONTINUE, N - NEWSTORM, P - PRINT, s - sToP
c

I4HBQ.doc
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Long 24 Hour Storm
High Inteflsity

ENTER: A(PERV) , CN(PERV), A(IMPERV), CN(IMPERV), TC FOR BASIN NO' 2

22.5 90 20.62 98 43.r

DATA PRINT-OUT:

AREA(ACRES) PERVIOUS IMPERVIOUS TC (MI NUTES )

ACNACN
43 .1 22.5 85.8 20 .6 97 - l' 43 .7

PEAK-Q(CFS) T.PEAK(HRS) VOL ( CU- FT )

3?.35 39.00 1639'74'7

ENTER td:l [path]filename[.ext] FOR STORAGE OF COMPUTED HYDROGRAPH:

f r \berryer\hyd\madsen\ i4hr\b1 9q

SPECIFY: C - CONTINUE, N - NEWSTORM, P - PRINT, S - STOP

s

14HBQ.doc



Long 24 Hour Storm
t High Intensity

KING COUNTY DEPARTMENT OF PUBLIC WORKS

t surface liater Management Division

HYDROGRAPH PROGRAMS

f 
Version 4-21t}

1 - INFO ON THIS PROGRAM

2. SBUHYD

I 3 - MoDTFTED SBUHYD
4 - ROUTE
5 - ROUTE2
5 - ADDIflTD

- 7 - BAsEFLow
8 - PI,OTHYD
9 - DATA

I 10 - RDFAC
11 . RETURN TO DOS

I ENTER OPTION:
t
I ROUTINE FOR ADDING HYDROGRAPHS
I! cJNl!^i ru.r rpathlfilename[.ext] OF HYDROGRAPH 1

- f , \berryer\hyd\madsen\ i 4 hr\b15q

I ENTER: TRAVEL TIME (MINUTES) OF HYDROGRAPH 1

I2

I ENTER: [d:] [paLh]filename[.ext] oF HYDRoGRApH 2
I f : \berryer\hyd\madsen\ i4hr\bl9q

I ENTER: TRAVEI, TIME (MINUTES) OF HYDROGRAPH 2

t0

I DATA PRrNT-OUT:

I HyDRocRApH 1: pEAK-e= 21-01 cFS T-pEAK= 39'00 HRs r?= 12 MrNtrrES
HYDROGRAPH 2: PEAK-Q= 3?.35 CFS T-PEAK= 39'00 HRS TT= 0 MINUTES

I HyDRocRAPH suM: PEAK-Q= 58-36 cFs r-PEAK= 39.00 HRs

- TOTAL VOLUME: 2560392CU-FT

I spEcrFY: c - coNTrNUE, N - NEwJoB, F- FrLE, P- PRTNT. s - sroP
f

I ENTER [d:] [pAIhI fiIENAMC [ . EXT ] FOR STORAGE OF COMPUTED HYDROGRAPH:

- f: \berryer\hyd\madsen\ i4hr\ r 4HBq

I spECrFy: c - coNTrNUE, N - NEwJoB, F- FrLE, P- PRTNT, s - sroP
ls

t

I
14HBQ.doc
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Long 24 Hour
High Volume

KING COUNTY DEPARTMENT OF PTJBLIC WORK.S

surface wacer Management Divis ion

HYDROGRAPH PROGRAMS

Verslon 4.218

1 . INFO ON THIS PROGRAM

2 . SBI'IIYD
3 - MODIFIED SBUHYD
4 - ROUTE
s - ROUTE2
6 . ADDHYD
7 . BASEFI,OW

8 - PI,OTHYD
9 - DATA

10 - RDFAC
11 - RETURN TO DOS

t
I
I

I
I
I
I

I
I
I
I
I
t
I
I
I

ENTER OPTION:
2

SBUII/SCS METHOD FOR COMPUTING

STORM OPTIONS :

1-cacfvDF-la

2 - 7_DAY DESIGN STORM

3 ' STORM DATA FII-E

SPECIFY STORM OPTION :

3

RTJNOFF HYDROGRAPH

ENTER td:l lpathl filename[.ext] OF STORM DATA-FILE
f : \berryer\hyd\madsen\v4hr\v4hr

sToRM DATA FILE " f : \berryer\hyd\madsen\v4hr\v4hr
SToRM DURATION: ?2 HOURS **** To'I'AL PRECIP: L2'71( "******t'

ENTER: A{PERV), CN(PERV) , A(IMPERV) , CN(IMPERV) . TC FOR BASIN NO' 1

14.15 90 10.25 98 36

DATA PRINT-OUT,

AREA(ACRES) PERVIOUS IMPERVIOUS TC (MINUTES)

ACNACN
24.4 14.7 85.8 10.3 97 .J' 36 .0

PEAK-Q(CFS) T-PEAK(HRS) VOL (CU-FT)
18.95 39.00 ro25941

ENTER td:l [path] filename [ . ext] FOR STORAGE OF coMPttTED HYDROGRAPH:

f : \berryer\hyd\madsen\v4hr\b15q

SPECIFY: C - CONTINUE, N - NEWSTORM, P - PRINT' S - STOP

c

v4HBQ.doc
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Long 24 Hout
High Volumc

ENTER: A(PERV), CN(PERV), A(IMPERV). CN(IMPERV), TC FOR BASIN NO. 2

22.5 90 20.62 98 43.r

DATA PRINT.OUT:

AREA{ACRES) PERVIOUS IMPERVIOUS TC (MINI.IIES)
ACNACN

43.1 22.5 85.I 20 -6 97 .r 43.1

PEAK-Q(CFS) T-PEAK(HRS) VOL ( CU_ FT )

33 .23 39.00 182s981

ENTER td:l [path]fitename[.exE] FoR SToRAGE OF CoMPUTED HYDRoGRAPH:

f : \berryer\hyd\madsen\v4hr\b1 9q

SPECIFY: C - CONTINUE, N NEWSTORM, P- PRINT' S- STOP

S

V4HBQ.doc
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Long 24 Hour
High volume
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KINC COUNTY DEPARTMENT OF PUBLIC WORKS

Surface Water Management Drvlslon

HYDROGRAPH PROGRAMS

version 4 .21B

1 - INFO ON THIS PROGRAM

2 - SBUIIYD
3 - MODIFIED SBUHYD

4 - ROUTE
5 - ROtrTE2
6 - A.DDETD
7 - BASEFLOW
8 - PLOTHYD
9 - DATA

10 . RDFAC

11 - RETURN TO DOS

ENTER OPTION:
6

ROI.,ITINE FOR ADDING HYDROGRAPHS

ENTER: [d:] [pat.h] filename[.ext] oF HYDRoGRAPH 1

f : \berryer\hyd\madsen\v4hr\b1 5q

ENTER: TRAVEL TIME (MINUTES) OF HYDROGMPH 1

L2

ENTER: [d:] [pathl filename [. exc] OF HYDROGRAPH 2

f , \berryer\hyd\madsen\v4hr\b1 9q

ENTER: TRAVEL TIME (MINUTES) OF HYDROGRAPH 2

0

DATA PRINT-OUT:

HYDROGRAPH 1: PEAK-Q= 18'74 cFS
HYDROCRAPI'I 2: PEAK-Q= 33.23 CFS

HYDROGRAPH suM: PEAK-Q= 51'9? cFS

TOTAI voLUME: 2I518 83CU- FT

SPECIFY: C - CONTINUE, N - NEWJOB,

f

ENTER [d: ] [path] filename [.ext] FoR
f : \berryer\hyd\madsen\v4hr\v4HBQ

SPECIFY: C - CONTINUE, N - NEWJOB,

S

T-PEAK= 39.00 HRS
T-PEAK= 39.00 HRS

T-PEAK= 39.00 HRS

TT= 12
TT= 0

M I NUTES
MINI.ITESI

I
I

F. FII,E, P. PRINT, S - STOP

STORAGE OF COMPUTED HYDROGRAPH:

F - FILE, P - PRINT, S - STOP

V4HBQ.doc
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KINC COUNTY, WASHINGTON. SURFACE WATER DESIGN M ANUAL
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KTNG COU NTY, WASHINGTON, SURFACE WATER. DESIGN MANUAL

'fABLE 3.5.28 SCS WESTERN WASHINGTON RT,JNOFF CURVE NTJMBERS

(2)
(3)

Hardbook, sqcrbn 4, Hydrdosy, ct|aptef I, Augu$ 1972.

Assum€s rcof ard drivs*ray runoff ls dlr€cled Inro $t€dl6tom 8)€rem'
The rermlning peMOUS ar6as (awn) ar€ consHered tO b€ in good cotdition lof these curve numbeB

SCS WESTEFN WASHINGTON RUNOFF qJRVE NUMBERS (Puuish€d by sCS in 1982)

Runofl curve numberc for sdec-ted agrictltural, suburban ard urban land us€ lor Type 1A

raintatl distribution, 24-ho$ $om duratlon.

LANO USE OESCRIPTION

CUFVE NUMEEBS BY
HYDROLOGIC SOIL GROUP

ABCD

Cultivated hnd(l): winter condition 86 91 94 95

Mountain op€n areas: lc|\ / grolving brush and grasslards a2 8S 92

Meado{ or paslure; dt 78 85 89

Wood or forest land:
Wood or lorest land:
Orchad;

urdisturb€d
young secord groMh or brush
with corr'er crop

426/'7681
55 72 81 86
81 88 92 94

Open spaces, la\rrns,
landscapirig.

good condition:

tair cordltkln:

parks, golt couraes, canetenes.

grass coJer on 75%
oa more o{ lhe area
grass cover on so'f
to 75% of tha area

58 80 86 90

77 85 90 92

-C.ravel roads and Parking lots
Oirt roads and parkiog lots

76 85 89 91
72 82 87 a9

lmpervbus surfaces, pavemert, rools, etc.
Oden $/ater bodbs: lakes, wellands, ponds' etc.

98 98 98 98
lm 100 r00 100

Single Famly R€sidentid (2)

Owdling Unft/Grocs Acre
1.0 Dt /GA
1.5 DU/GA
2.0 DU/GA
2-s DU/GA
3.0 DU/GA
3.5 DUIGA
4.O oUlGA
4.s oulcA
5.O oulcA
5.5 OU/GA
6.0 ou/GA
6.s oulcA
7.0 DU/GA

Planned unit ds\r€loPments,
cordomlniums, apartrnents.
comnerclal busin€ss and
irdustfbl aroas.

% lmpervious (3)
t5
20
25
30
34
38
42
46
.a
50
52
54
56

% impeMous
musl be computed

Separate c1rrye number
shall be selec{ed
for peMous and
imp€rvlous porlion
of the site or basin

Foa a more ot uge curw to

3.5.2-3 u90



I
T

KING COUNTY, WASHINGTON, SUR.FACE WATER DESIGN MANUAL

rAruA' -rS:C "n" AND USED IN TIME CALCULATIONS FOR HYDROCRAPHS

t
I
I
I
I

S.noorh sudacat (cdlcro{e. 8phan. C,avd. or ba.s ha'd Pacr'd 3or)

Fa{@ l€lds o. Loose soa srtlaco (.$ rasitt-l

Cdlivar€d lol *lh .€sldus cwd ( s < = 0.m t/nl

Cdriv.rcd so{ wnh 
'€sidu€ 

co\Ar 15> o 20 ltlh}

Srlo t fratr€ grass and bwns

Wo.ds or lo.€$ wnh fight u.d€.btustr

woods o. lo.es! wlh dens€ u.tderb.ush

-'r.' Sl|.ct Flow Eq$lion MatunrE i Vato€. {Fo. ttt€ rflal 3OO tl ol lrav€ll

o.0l I

0.05

006

0.17

0.r5

O?A

0.r3

o.{0

080

;Giifo vatues rq oea iol / o.{y. r.o.n Ove.lo. and M€attows 1976 (Sd TR 55. 19€61

'*'v.Ues Us€d ln Trav€l Titie/titna oa CsE€.n..tron Calcrralio'E

Shatlo'., Co.rce.{Et6d Flo.t 6rler lh€ i.tH 3OO n. oa 6h€€l aor. R = O l,

r Fores! wlh h€?vy O'o(ltd tnsr snd n|€adots (n =0 10}

?. Srushy grour|d wlth 6ome l.ess (n _ 0.060)

3. F.low or mlnaru.,.n ltlrge crltvalio. (n =0 OaO)

{ High O.ass (n = 0.005)

5. Sho.t g.ass. pasure and lawt}s (n=0 q3O)

6. Nea.ly b3.s g.ound (n-o.025)

7. Pwed .rd gravd ar€3s (n-0.0121

t
t
t
t
I
t
I
t
t
T

3

5

a

I
lt
l3

27

Clsdrd Flor', 0r{a.oftenr) ( l llE bcsnrftg ol lisilr€ d|3nods: 8-0.21

r Fqssrod swab wnl, h.avy Oroond tito. (n = O lo)

? Fdcarod d,nnEg€ coti.s./.aw$ sth d€lid4<l ciErvrc{ b€d ln - 0 60)

3 Roct.linod walcPay (n =O 035)

r. G63s€d *arelwy (n.o.o:rl)

5 EadhllrEd ware.way (n-0025)

6. CMP ttp€ (n-0.02!)

7 Co.tc.ere fip€ (0.012)

& Orh€. $'aterf.y. ..d r{)€3

5

t0

t5

l?

20

2l

a2

0 so€/n

Chadd Flow (Co.{nuoirs n.iarr\ fi - 0.4)

9. rl€;nd€.h9 3r.€am qih !o.n€ rods (n - 0.0.O)

ro. Roc8lh€d dr€d {n-o-035,

lt. G.asr.li.rod arroam (.-0.@ol

t2, oih€( slrsa.n6. fianfiaata crtatYtals .rrd dps

20

27

0.67ln"

..s.. olala.r 5. Trbts 5.a.6C io. -drbct Y!|t'*|g8 r|f Blus5lor o9€n ctu|rt.6l3

T

I
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Appendix F

Kng County Runoff Time Sen'es and
Bachwater Analysis
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Appendix F

King County Runoff Time Series and
Backwater Analysis
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Madscn Pond
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Madsen Pond

rd out.d u r
ex tq rg et-d u r

+
X

iir -
.t:
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I
I
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Iil-o
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Retent ion/DeEent ion Facil ilY

TYpe of FaciL itY:
Side slope I

Pond BotEom length:
Pond Bottom Width:

Pond Bottom Area:
Top Area at I ft. FB:

Effective Storage Depth:
Stage 0 Elevation:

Storage volume :

Riser Head:
Riser Diameter:

Nurnlcer of orifices:

Detention Pond
6.00 H:lV

5r3 . 9'7 f I
256 -98 ft

I32oB2. 6q. ft
183761. sq. fL

4.219 acres
4.17 fL

43'7.OO fr
6]4699. cu. ft

14 . 571 ac-ft
4.L'7 f t

30.00 inches
3

Fu]l Head
Diamecer Di scharge

( in) (cFs)
4.53 1.136
8.50 2.524
8.55 1.?8s

1

2
3

Height
(ft.)
0.00
2.58
3.36

Diameter
(in)

1-2.O

PONDRIT.DOC
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Madsen Pond

ToP Nolch Weir: None
out.flow Rating Curve: None

Stage

0.00
0.05
0.09
0.14
0.19
o .24
0 - 28
0.33
0.38
0.42
o .52
o.62
o.72
0.s2
o .92

I .22
1 1t

)..42

7 .72
L .42

2.02
) 1)

2 .94

3.12
3.2L
3.30
3.35

3.'72
3.81
3.89

4.07
4.16

PONDRIT,DOC

Elevalion
(fr.)

437.00
437.05
437 . 09
437 . 14
43'7 - L9
43'7 .24
43'7 .24
43'7 .33
437 .38
417 .42
43'7 .52

437.'12
437 .42

43A . 02
434 . 12
438.22
438 .32
438 .42
434 .52
43A . 62
43A.72
438.82
434 -92
439 .02
439 .12
439 .22
439 .32
439 . 42
439 .52
439.58
439 . 67
439 .75
439.8s
439 .94
440.03
440 .12
440.21
440.30
440 .36
440.45
440.54
440 .63
440 .'72
440.81
440.89
440 .94
44t - 07
441. r6
441 . L7

Percolation
(cfs)
0.00
0. 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
0.00
o. o0
0.00
0.00
0.00
0.00
0-00
0.00
0 - 00
0.00
0.00
0.00
0 - 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. o0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Surf Area

132082.
132545.
r32916.
133380.
133845.
134311.
134684.

135618.
135993.
136932 .

t37473 .

138818.
1-39765 .

14 0715 -

14r.668.

143583.
144545.
145509.
1464'l'7.
r47 447 .

t 4a420 .

149397 .

150 3 ?6 -

15r35?.
L52342 .

153330.
154320 .

156310.

15?810.
158?13.

r62348 .

164180.
L64'193.
165?13.

1584 90 .

L69420.
1"70249 .

1?1184.
772r2I .

173060.
173155.

SEorage Discharge
( cu. ft) (ac-ft) (cfs)

0. 0.000 0'000
6616. o -r52 0.121

!1925. o .2'7 4 0.171
18582. o .42'l o .209
25263 . 0.580 0 .242
31967. 0-?34 0.2'70
3'7347 . 0.8s7 0.296
44093. 1.012 0 320
50862- 1.168 0.342
56294. L.292 0 .362
69940. 1.506 0.403
83680 - r-927 0.440
97515. 2.239 0 .474

LL)-444. 2. ss8 0 - 505
125468. 2.880 0.s35
13958?- 3-204 0.563
153802. 3.531 0.590
168112. 3.859 0-516
182519. 4.190 0.540
19'702L. 4.523 0 .664
271620. 4.858 0.68?
2263l.1 . 5.195 0-709
241110. 5.s35 0-731
256001. 3.877 0.751
2709A9. 6.22L O -772
2A6076. 6.s6'7 0.792
301261. 6.916 0.811
316545. 7.26'1 0.830
33L927. 7.620 0.848
347409. 7 .9'15 0.856
352990. 8.333 0.884
3723A7 . 8.549 0. s94
386549. 8.874 0.936
400'792. 9.20r 1.030
41511?. 9.530 1.1?0
429524. 9.861 1.360
444012. 10.193 1.590
45A5A2. 10.528 2.450
4'73235. 10.864 2.580
4819'10 . 1,7 .202 2 .'7lO
497839 - 1,L.429 2.',?90
5r21r2. lr .7'7 0 2 .930
52'766'7 . 12.114 3.120
s42706. 12.459 3.340
55'7A29. 12.806 3.610
5?3035 - 13.155 3 .920
586621 . 13.46? 4.8s0
601985. 13.920 s.050
617435. 1,4 . L'l4 5.250
63296A. l-4 . 531 5.430
634699. 14.5?1 5.450
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Madsen Pond

4 .2'7
4 .37
4 .4'7
4 .57

4 .1'7
4.87
4 .97
5.0?
5 .17

5.47
5.57
5 .67
5.77

6.O'7

44L - 37
44r . 4'7

44r . S'7

44I .67
441 .77
441 .8'7
44L . 97
442 . 07

442.27
442 .3'7
442 . 4'7

442 .57
442 .6'7
442.7"1
442 . A7
442 . 97
443 . O7

443 . r'7

65206'7.
659547.
6A7120 .

704804.
722594 .

'7 40489 .

'758491.
'716600 .

794815.
813137.
831567.
850105.
868750.
88?504.

925338.
9444t4.
963508.
942907.

100231?.

0.00
0. o0
0.00
0.00
0.00
0.00
0.00
0 - 00
0.00
0.00
0.00
0.00
0.00
0.00
0-00
0.00
0.00
0.00
0.00
0. o0

T742II ,

17526r.

r7'7369 .

r'78427 .

179488.

181619 .

182688.
183?61.
184836.

186996.
188080.
ra9r57 .

L9025'l .

191350.
192445 .

193544 .

1-94645 -

14 .969 6 .420
15.3?1 8.020
15.7?4 10 . 020
16. 180 12 . 360
16. 588 14 .980
15 . 999 17.850
r'7 .4].3 20.960
I'7 .A2A 24 .2BO
IB -246 27 .800
r.8 .55? 30.800
19.090 32 . 100
19.516 33.340
19. 944 34 - 540
20.374 35.700
20.807 35.810
27.243 37 .900
21- 681 38. 950
22.12),39.9'70
22.s64 40 .960
23.010 41 . 940

Hyd Inflow outflow Peak
Target Calc Stage Elev

19.97 5.45 5 - 45 4.r7 441.!',1
11.4? ******* 2.9L 3.44 440.44
9.8s ******* 1.58 3 .02 440.02
9.3? *4***** 4.23 3 .84 44O .94
9.19 ******* 2.63 1.25 440.25
?.82 ******* 1.00 2.13 439.'13
6.75 +****r* o.82 2.16 439.16
6.29 ******* 0.5? 1.04 438.04

Storage

I
2
3

'7

I

(cu-Ft)
634424 .

510650.
443092.
577513.
419312.

307248.
L42502 .

(Ac- Ft )
L4 .564
11 ?t1

LO .1-72
13.258
11.005

9.088
7 .054
3 .2'7 L

Route Time series through Facility
Inf l-ow Time Series File:dev'Lsf

outflow Time serieE FiIe: rdout.lsf

Inf low,/ouEf low AnaIYsis
Peak fnflow Discharge: 19.98 CFS at 6:00 on 'Jan

Peak outflow Discharge: 5.45 CFS at 11:00 on Jan
Peak Reservoir Stage: 4.L1 Ft

Peak Reservoir Elev: 441 .t? Ft
Peak Reservoir Scorage: U.nn,ri:r.n 

ii-f!

9 in
9in

Year I

Flow Frequency Analysis
Time Series File: rdout. tsf
Proj ect Location : Sea-Tac

---Annual Peak FlovJ Ratea--- -----Flow Frequency Analysis-------
Flow RaLe Rank Time of Peak - - Peaks - - Rank Return Prob

(cFs) (cFs) (ft) Period
4.23 2 2/O9/Or 2O:OO 5.4s 4.!'t 1 100'00 0'990

0.818 '7 r2/29/Or r2:OO 4.23 3.A4 2 25'OO 0'960
2.gr 3 3/06/03 22tOO 2.v- 3-44 3 10'00 0'900

0.569 a a/26/o4 8:00 2.64 3.2s 4 5'00 0's00
0.9s7 6 r/o8/05 5:00 1.58 3'03 5 3'00 o '667

PONDRI T.DOC
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Madsen Pond

r.58 5

2 -64 4

5.45 1

Computed Peaks

I/19/06 L6too
17/2a/06 rrtoo
t/09/oa Ll, oo

2 .00 0.500
1.30 0.231
1.10 0 - 091

50.00 0 .980

0.997
0.818
0.569

5.04

2.'73

1.04
3.98

7
I

Flow Duracion f rorn Time series File:rdout'tsf
Cutoff Count Frequency CDF Exceedence_Probabil itY

ttg
5A.774 58.'7'14

9 - 66't 68 . 441
9.54r 71 .944
7 .802 85 - 786
5.863 9L .649
3.341 94 . 990
2, :la7 9'l .l'7 7

L.'742 98.919
0.365 99 .284
0.r24 99 - 408
0.104 99.512
0.103 99.615
0 . 082 99 .59'1
0.073 99 -'770
0.01r 99 .741
0.0r0 99.797
0. 008 99.799
0 - 010 99.809
0.0r5 99 . A24
0.005 99.A29
0.008 99.837
0.033 99.870
0.036 99.905
0.015 99 .922
0.020 99.94r
0.007 99.948
0.015 99 .962
o.010 99.972
0 . 00s 99 .9'7'1
0.002 99 .97 9

0.005 99.984
0.00s 99.989
0.003 99 .992
0.003 99.995
0. 002 99.99'7
0.002 99.998

0.060 35040
0.t79 5928
0.298 5852
0 - 4L'7 4'7 84
0.535 3595
0.654 2049
o -'773 1341
0.892 1058

1- 01 224
1.13 76
r.25 64
r.37 63
L -49 50
1.60 45
t.12 7
1.84 5

1.96 5

2.OA 6

2.20 9
. 1a 1

2-44 5

2.55 20
z-ot
2.'19 10
2.9L L2
3.03 4

',l.53.27 6
1 aa 1

3.50 1
1A)?

3.74 3

3.86 2

3.98 2

4.10 1
q. zz

I

4r .226
31 .559
22 . 016
14 .2)-4
8.351
5.010
2 .823
1.08r
0.716

0.488
0.385
0.303
0.230
o .21-9
0.209
0.201-
0 - 191
0-1?6
0. r?1

0.130
0.095
0.078
0.059
0.052
0.038
0.028
0.023
0.021
0.016
0.011
0.008
0.005
0.003
0.002

0.412E+00
0.316E+00
0.220E+00
0.1428+00
0 - 8358-01
0.5018-01
0.282E-01
0.108E-01
o.'7L6E-02
o .5928-02
0.488E-02
0.385E-02
0 . 303E- 02
0.230E-02
o.2r9E-02
0 - 209E-02
o.20tE-02
0.1918-02
0 .I'7 6E-O2
o. r7LE-02

0.130E-02
0,9458-03
0.783E- 03
0.5878-03
0 -522E-03
0.3758-03
o.217E-03
0.228E-03
0.212E-03
0.153E-03
0.114E-03
0.81sE-04
0.4I9E-04
0.326E-04

PONDRI T,DOC
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Madsen Pond

Duration ComParj.son AnaYI s 1s
Base File: ex. tsf

Neh, File: rdout. tsf
Cutoff Units: Dj.scharge in CFS

-----Fraction of Time----- ---------check of "r^larrh-a-------

CuEof f
0.915

T .17
1 4?
L.69
1- 94
2.20

2 -7r
2 .97

3.48
3.74
4.00

-2.3
-14.8

-40.5
-30.3
-20 .6

-t3.2

-7.t
-30.0
-57.r

-100.0

L.L'7
1.43
r .59
r.94

2.'7r
2 .97
1 .23
3.48

4 .00
4.25

1.08
!.23
1.38
t-.50
1.70
2.49

2 .90

3 .44
3.64
3.79
4 .22

?Change
-0.8
-7.7

-22.6
1.3

-3.0

-0.'7

-2 .6
-5.2
-0. B

Base New
o . 98E- 02 0.96E-02
0.54E-02 0 . 55E- 02
0.50E-02 0.34E-02
0.38E-02 0.23F.-02
o.29E-O2 0.20E-O2
o.22E-02 0.18E-02
0 .158- 02 0.16E-02
0. 10E- 02 0.90E-03
0.52E- 03 0.54E-03
o. 348- 03 0.29E-03
0.23E-03 0.21E-03
0. r6E- 03 0.1lE-03
0.11E-03 0-49E-04
0.16E-04 0 - 00E+ o0

tchange Probabilily Baae
0.98E-02 0.91s 0.908
0.64E-02
0.50E-02
0.388-02
a.298-02
o .22E- 02
0.15E-02
0.108-02
0.62E- 03
0.348- 03
0.23E- 03
0.15E-03
0.11E-03

Maximum posj.tive excursion = 0.064 cfs
occurring at 4.13 cfs on the Base Data
and at 4.19 cfs on the New Daia:rdout

Maximum negative excursion = 0,586 cfs
occurrinE aL 2-77 cfs on Ehe Base Data
and at 1.58 cfs on Lhe New Data:rdouC

:eX.tSf

(- 27 . O+)
: ex. tsf

PONDRIT.DOC



I 86295F: BPA Madsen Creek Pord

FIow FrequeocY AnalYsis
Time Series FiIe:ex.tsf ( 11; l ,:.,' .

Proj ecL Loca t i on : Sea - Ta c

---Annuaf Peak Flot Rates--- -----Flow Frequency Analysis-------
Flow Rate Rank Time of Peak - - Peaks - - Rank Return Prob

r.Fs I (CFS) Pe r'rod
4.26 2 2/09/01 1'8;00 5.45 1 100'00 0'990
1.15 1 I/06/02 3:00 4'26 2 25'00 0'960
3.16 4 2/28/03 3:00 3'21 3 10'00 0'900

O.t-I2 I 3/24/04 20tOO 3.16 4 5'00 0'800
1.87 6 I/05/O5 8:00 2.76 5 3'00 A 661

3.2-i 3 \/18/O6 2I:OO 7'8'/ 6 2'OO 0'500
2.16 5 L7/24/O6 4:00 1.15 7 1'30 0'23I
5.45 I r/Og/OB 9:00 0.112 B 1'10 0'091

Conputed Peaks 5'05 50'00 0'980

FIow Frequency Analysls r I ),, !
Time series File:dev.tsf (fx-rfftl O. lt -- 4/;'1i'iL
Proi ect Locationi Sea-Tac '

---Annual Peak Flor.r Rates--- -----FIow Frequency Analysis-------
Floli Rate Rank Time of Peak - - Peaks - - Rank Return Prob

(CFS) (CFS) Period
g.3't 4 2/09/OI 2:O0 19.9'1 1 100'00 0'990
6-'15 't 1/o5/A2 16100 7r.4'1 2 25'00 0'960

II .41 2 2/21 /03 't:OO 9.85 3 10'00 0'900
6.29 I 8/26/04 2':OO 9.3'1 4 5'00 0'800
1-82 6 !O/28/0A 16:00 9.19 5 3'00 0'667
9.85 3 1/18/06 16:00 't.82 6 2'00 0'500
9.19 5 1I/24/06 3:00 6.'15 7 1'30 0'231

Ig.g'7 1 I/O!/OB 6:00 6.29 I 1' 10 0 ' 091

computed Peaks 17.13 50 ' 00 0 ' 980

"r..'l::,::"F5::1.:::li:i"(f1.,.1,] si.ri,:'.r.1, dtr',. ",^r+ ir,.zi:lc- ,'':rp{161.r)
Project Locat ion : Sea-Tac

---Annual Peak FIow Rates--- -----F.low Frequency Analysis-------
F]ow Rate Rank Time of Peak - - Peaks - - Rank Return Prob

(CFS) (CFS) (ft) Period
4.25 2 2/Q9/0\ 2O:OO 5.45 4.1'7 1 100'00 0'990

0.818 1 r2/29/OI \2:OO 4.25 3'84 2 25'OO 0'960
2.91 3 3/O6/O3 22tOO 2.97 3'44 3 10'00 0'900

0.561 S 8/26/04 8:00 2.64 3.25 4 5'00 0'800
0.998 6 7/08/05 5:00 1.58 3.03 5 3'00 O'66-t
1.58 5 I/79/06 I5I.OO 0.998 2'13 6 2'00 0'500
2.64 4 II/24/O6 r0l.OO 0.818 2'16 ? 1'30 0'231
5.45 1 I/O9/OB rrtO} 0.56'7 1.04 I 1'10 0'091

Computed Peaks 5.05 3 - 98 50 ' 00 0 ' 980

Level 3 Analysis

I
I
t
I
I
I
I
I
I
I
I
I

I
t
I
I

tcnrt, h,r;a 5)

?)4!a:../,..1

\a n l,'1

%r-ca'v.t't

I

I
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Duration Cornparison AnaYIsis
Base File: devl9. ts f

New File: rdout . ts f
Cutoff Units: Discharge j-n CFS

-----Fraction of Time----- ---------Check of Tolerance------ -

I
I
T

I
I
I
I
I

Cutoff
2.7'7
2.54
2 .90
3 .26
3.63
3. 99
4 .36
4 .12
5.08

5.81
6.t8
6.54
6.90

Base
0.30E-02
o.22E-02
0 . 16E-02
o . r20-o2
0. 80E-03
0. 51E- 03
0. 36E-03
0.28E-03
0. 15E-03
0. 11E-03
0.65E-04
0. 16E- 0 4

0.16E-04
0. 16E- 0 4

New
0. 18E- 02
0.13E-02
0. 60E- 0 3
0.28E-03
0 . 16E- 03
0.4 9E-04
0.00E+00
0 - 0 0E+ 00
0.00E+00
0.00E+00
0.00E+00
0 - 008+00
0.00E+00
0.00E+00

-39.'7
-40.4
-61.9
-'7 6 .1
-19.6
-90.3

-100.0
-100.0
-100.0
-100.0
-100.0
-100.0
-100.0
-100.0

0.30E-02
0 -228-02
0.16E-02
0 .12E-02
0.80E-03
0.51E-03
0. 36E-03
0. 28E-03
0. 15E-03
0.11E-03
0. 65E-04
0.168-04
0.16E-04
0. 16E- 0 4

Base
2.t'l
2 .54
2.90
3 .26
3.63
3.99
4.36
4.'72
5.08

5. 81
6.18
6. 54
6.90

Bchange Probability New Bchange
r.49 -31.3
L.I]Y _JJ.Z

2 . 4-l -1,4 .9
2 .59 -20 .'t
2.18 -23 .5
3.04 -23.9
3.18 -26.9
3.31 -29.9
3 . 69 -2-7 .5
3.19 -30.5
3 .92 -32.6
4.22 -31 .7
4 .22 -35.5
4 .22 -38.9

There is no posrtrve excurston

Maxirnum negative excursion : 2.68 efs (-38.93)
occurring at 6-90 cfs on the Base Data:dev19.tsf
and at 4.22 cfs on the New Data:rdout.tsf

DCAnaylsis.doc
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Madsen Pond
KCRTS program used to assist in determining effectivc Q of72" Overflow riser

Retent ion/Detent ion FaciIitY

Type of Facil itY:
side slope I

Pond Bollom Length:
Pond Bottom width:
Pond BoCtom Area:

Top Area at 1 fb. FB:

Effective Storage DePth:
Stage 0 Elevat ion:

Storage Volume i

Riser Head:
Riser Diameter:

Numlcer of orifices:

orifice # Height
(fr)

1 0.00
- t EO

3 3.36
ToP Notch weir:

Outflow Raciug curve:

14.571 ac-ft
4.1,'l ft

72.O0 inches
3

Full Head
Diameter Discharge

( in) (cFs)
4.53 1.135
8.60 2 .528
8-55 1.?85

None
None

Decent ion
6 .00

256 .94
7320A2 .

183761.

Pond
H: IV
fr
ft

4.219
4.L7

437.00
634699.

ft
fc
cu. ft

I
I
t
I
I
I
I
I
I
I
I
t
I

Pipe
Diameter

( in)

12.0
L2.O

SLage
(fr)
0-00
0.0s
0.09
0.14
0.19
o .24
o .28

0.38
o .42

o .62
o.72
o .82
o .92
1. 02
1 1)

L.'72

2 .02
2.12

POND7zl7.DOC

Elevation
(fr)

43?.00
43'7 . 05
437 . 09
431 .L4
437 .!9
437 .24
437 .24
43'7 .33
437 .38
437 . 42
437 .52
43? .62
431 .'12
43'7 .82
43'7 .92
43A.02
438 .72
434.22
43A.32
434 .42
438 .52
434 .62
43A.12
438 . A2
43a . 92
439 . 02
439 .12

PercolaLion
(cfs)
0.00
0.00
0.00
0.00
0.00
0 .00
0.00
0.00
0.00
0-00
0.00
0.00
0.00
o.o0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Surf Area

L32042 .

133380.

13431r.
!34684.

135518.
135993.

1378?3.
138818.
139765.
140715.
747664 .

142624 .

143583.

145s09.
L4641'7.
L4744'7 .

148420.
!49397 .

1513 57 .

152342.

Storage Discharge
(cu. ft ) (ac-ft) (cfs)

0. 0.000 0.000
6676. 0. 152 0 - 121

Lr925- O.274 0-1?1
18582. 0.427 0.209
25263. 0.580 0.242
31967. O.734 0 .270
3'7347 - 0.85? 0 .296
44093. 1.012 0.320
50852. 1.168 0.342
56294. 1.292 0.362
69940. 1.606 0.403
83680. 1.921 0.440
97515. 2.239 0.474

rL\444 - 2.554 0. sos
125468. 2.880 0.535
139s87. 3 .204 0.563
153802. 3 .531, 0. s90
L6ALL2. 3 .8s9 0.616
1A25L9. 4 .190 0 .640
L9702l.. 4.523 0 .554
2)-1620- 4.858 0.58?
2263L'1 . 5.196 0. ?09
241110. 5.535 0.731
256001. 5.8'77 0.75r
2709A9. 6.22r O.'772
286076. 6.567 0.192
301261. 6.915 0.811
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Madsen Pond
KCRTS program used to assist in determining effective Q of72" Overflow riser

T

I
I
I
t
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I
I
I

2 .22
2 .32

2 .52

2 .67

2 .45
2 .94
3.03

3.30
3.36
3.45
3-54
3.63
3.72
3.81
3.89

4.07
4 .L6
4.L7
4 .27
4 .3'l
4 . 4'7
4 .57
4 .6'7
4 .'17
4 .47
4.97

5 .27

5 .47
5.57
5 .67

5.87

6.07
6.L7

Hyd Inflow

439.22
439 .12
439 .42
439 . s2
439.59
439 .67
439 .'7 6
439.85

440.03
440 . L2
440 .21
440.30
440.36
440 .45
440 - 54
440.63
440.72
440.81
440.89
440.98
441 . O?

441, . !6
4A t 1'7

441 .2'7
44L -31
44L .4'l
44t .5'7
441 .61
44L .'7 7
44L .81
441 .97
442 . O7
442 . r7
442 .2'7
442.31
442 .47
442 .57
442 .67
442 .'7 7
442 . A7
442 .97
443 . O7

443 . L7

Outsflow

316545.
33r92'l .

34'7409 .

352990 .

372387 .

386549.
400792.
415111 .

429524 .

444012.
458542 .

4'7 3235 .

487970.
497839.
5L2'7 72 .

52',7 667 .

5427 06 .

573035.

601985.

66954L.
6a7 t20 .

704804.
722594.
740489.

77 6600 .

7948L5.
81313?.
83155 7 -

850105.
868750.
887504.

925334 .

944418.
963508.
98290'7.

1002317.

7 .267 0.830
7 ,620 0.848
7 .97 5 0.866
8.333 0.884
8.549 0.894
8.874 0. 936
9.20r 1.030
9.530 1. 170
9. 861 1.350

10.193 1.590
10.528 2.450
10 . 864 2.580
!!.202 2 .7 rO
7L.429 2.790
't 1, .'7'70 2 .930
12 -II4 i .120
72 .459 3.340
12 .806 3.510

13.467 4.850
13 .820 5.050
14 .1,74 5 .250
14.531 5 .430
14.57! 5 .450
14 . 969 7.500
15. 371 11 .070
15.774 !5 .620
15. 180 20.980
16. s88 27.030
16. 999 33. ?00
7'7 .4L3 40.920
J,7 . A2A 48 .6'10
18 .246 56.900
18.667 65.600
79.O90 74.720
19 .5),6 A4.260
19.944 94.200
20 - 3?4104.530
20.80711s.210
2L.243126 .260
21.681137.550
22 .r2r),49 .3'70
22 .56416r .420
23.0101?1.780

153330.
154320.

156310.
1s6909.
157810.
158713.

760526 .

161436.

164180.
764793.
165?13.

r-68490.
t69420 .

170249 .

171184.
t72t2r.
173050.
1?3155.
11A)1'l
r'7 5261 .

1?6313.
r'7'7369.
L1842'7 .

r79488.
18 0552 -

18 1619 .

182588.
183?61-
184836.
1859ls.
185996.
1880S0.
t89L67 .

190257.

r92445.
193544.
794645.

0.00
0.00
0. o0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 - 00
0.00
0.00
0.oo
0. o0
0.00
0.00
0.00
0.00
0.00
o-o0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

'n> raa I

L9.97 5.45
IL.41 ***r.***
9.85 *******
9.37 *******
9-19 ****i**
?.82 *******
6.'75 ..r.rt**r*
6.29 '.+'.1'**'i

Peak
Calc Scage Elev
5.45 4.L1 441.1-7
2-91 3.44 440.44
1.58 3 .02 440. 02
4.23 3.84 440.44

1.00 2."13 439.73
0.82 2. 16 439.15
0.57 1- 04 438 . 04

Storage

1

3

5

7

.( Cu- Ft )

634424.

443092 .

57'7573.

307288.
r42502.

(Ac-FL)
14 .564
IL .'123
70 . L'72
13.258
11.005
9.088
7 .054
3.2?7

POND72l7.DOC



I
I

tr.s
\J

T{t

'!.r
t:

I

I

'",'-\1:_..'.1..' ..

I

ffi#+i 
"jitr

^c

)r\
A\

--\j "-+\r-";

i.---i:- -a. i

: rt:i



Secnou 5I
t
I
I
t
I
I
I
I
I
I
I
T

I
I
I
I
I
I
I

PROJECT:

PIPE DATA

PA(]E OE'

LENGTH ( fI )

)v

OVERFLOW_ELSV

4';':,, i f:
LENGTH ( fI }

DIA(in)

2t-

I(=

P T PF-'IVDF

I

FILE NAME

OUTLET-IE INIJET-TYPE

Q-RATIO
2

II\ILET_TYPE

a'-,'

. BWP

I

BEND-ANGLE (deg )

5{
STRUCT. DIA,/WIDTH (f T )

OUTLET_ IE

INLET- IE

'f,: t ; (-

DIA ( iN)

2,/

PIPE_TYPE

I

OVERFIOW_ELEV

IENGTH ( fT )

\no
KE=-

BEND-ANGLE (deg)

75^
STRUCT.DIA/WIDTH(fT)

DIA(in)

VD

Otr|I,ET_IE

4+{
INI,ET_IE

+w,) 0

Q-RATIO

INLET-TYPE

OVERFLOVI_ELEV

44/, t 7
LENGTH(fT) DIA ( in)

BEND_ANGLE (deg) STRUCT. DIA/WIDTH ( fI )

I
OT.IIILET_ IE INI,ET_IE

K= l'1 =

Q_RATIO

a-)

INT,ET-TYPE

2- &"

K= M=

OVERFLOW-ELEV BEI'ID -ANGLE (deg) STRUCT.DIA,/WIMH(fL) Q_RATIO

LENGTH ( fT ) DIA( in) PIPE-TYPE INLET-IE INLET-TYPE

OVERFLOW-ELEV BEND-ANGLE ( deg ) STRUCT. DfA/WTDTH ( fE ) o-RATTO
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I
T

I

BACKWATER COMPUTER PROGRAM FOR PIPES
Pipe data from file:PiPeS.bwtr)

Surcharge condition at inLermediate juncEions
Tailwater Elevation:425. feet -r':t(:rJ "f o*11c]

Discharge Range:2.5 Lo 125 step of 2:5 [cfs]
Overflow Elevaeion;443'3 feet

9{ei r : NONE

UpsLream Veloci LY: 0 - feet/sec

I
I Q{CFS) HW(FT) HW ELEV. * N.FAC DC DN TW DO DE

PIPENO.l:42LF-36'CP@0.19?OUTLET:422'00INLET:422'08INTYP:5
JUNC NO. 1: OVERFLOW_EL: 436.50 BEND: 55 DEG DIA/WIDTH: 6.0 Q_RATIO: O.OO

HWO Hhrl

I
I
t
t
I
I
T

I
I
I
I
I
I

2 .50
5.00
'7 .50

10.00
L2 .50
r5.00

20.00
22.50
25 .00

30-00
32 .50
35.00
3?.50
40.00

45.00
47 .50
50.00
52 .50
55.00

60.00
62 .50
55.00
67.50
v0.00
72 .50
75.00
77 .50
80-00
82.50
85.00
8?.50
90.00
92 .50
95.00
97.50

100.00

2 .93
2 .94

2 .96
2 .99
3.01
3.05
3.08
3.13
3 .47

3.35

3.65
3.74

3.93
4 .04
4;15
4.26
4 - 38
4 .57
4.77

5.8?

6.75
7.06

8.06
a .42
8-?S
9.r5
9 .54
9.93

0.58
0.81
1.00
T.L7
r .32

r.74
1.88

2 .1'l

3.00
3.00
3. O0
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3 .00
3 .00
3 .00
L00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

3.00
3 - 00
3 .00
3 .00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3. 00
3.00
3.00
3.00
3.00
3.00
3 .00
3 .00
3.00
3 .00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3 .00
3 .00
3.00
3.00
3.00

3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3 .00
3.00
3.00
3 . O0
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3 .00
3 .00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

2 .93
2 .93

2 .93
2 .94
2.94

2 .95
2 .96

2.94
3.00
3.00
3.02

3.05
3.0?
3.08
3.10

3.19

3 .23

3.31
3.34

3.40

3.47
3.50
3 .54
3 .5'7

3 .65

3 .'12

2 .94
2 .95

3 - 01
3.05
3.08

3.17
3 .23
3 .29
3 .35
3 .42
3.49
3 .57

3.74
3.84

4.04
4.15
4.26
4 .38
4 .50
4 .63
4 .7'7

5.'75

6.16
6.38
5.60
5.83
7 .0',7
7 11

7 .82
8.08

0.56
0.95
1.1?
1.37
1.55
L.7r
1.86
2.Or
2.15

2 .69

3.07
3 .20
3 .33
3 . 4'7

? c1

3 .99
4.L1
4.37

4 .99

6.45

7 -06
'7.39
'7 .'12
8.06

8. ?8
9.15

425 -Or * 0.0r2 0.50
425,02 * 0.012 0.71
425.03 * 0.012 0.87
425.04 * 0-012 1.01
425-O'/ * 0.012 1.13
425.09 * 0.012 1.24
425.13 * 0.012 1.34
425.16 * O.012 L .44
425 -2r * 0.012 1.53
425.2s * 0.012 I .62
425.31, * 0.012 1.70
425.37 * 0.012 1.78
425.41 * 0.012 1.86
425.50 * 0.012 1. 93
425.5'7 * 0.012 2.00
425-65 * O.Or2 2-06
425.'13 * 0.012 2.L3
425.82 * 0.012 2.r9
425.92 + O.OL2 2 .25
426.0r * 0.012 2 .3r
426.12 * 0 - 01-2 2.36
426.23 * 0.012 2 -41
426 -34 * 0.012 2 .46
426.46 * 0.012 2 .5I
426.65 * 0.012 2 .55
426.As * 0.012 2.s9
4i7.o7 * 0.012 2.63
421 .95 * 0.012 2.66
42A.23 * 0.012 2.70
428.53 * 0.012 2.72
428.83 * 0.012 2.75
429.14 * 0.012 2.74
429.41 * 0.012 2.so
429.80 * 0.012 2 .42
430.14 * 0.012 2.e4
430.50 * 0.012 2 .8s
430.86 * 0.012 2 .87
43L,23 * O.Or2 2 .48
43r.62 r 0.012 2.49
432.01 * 0.012 2.90



I
I
I
I

I
t
t
I
I

t
I
I
I
I

t
I

-->102.50
105.00
10?.50
110.00
112.50
115.00
117.50
120.00
r22 . 50
125.00

2 .50
5.00
'7 .50

10.00
12 .50
15.00
17 - 50
20.00
22 .50

-------> 25.00
27 .50
30.00
1' qo

35.00
37.50
40.00
42 .50
45.00
47 .50
50.00

55.00
57.50
60.00
62.30
55.00
61 .50
?0 - 00
72.50
75.00
77 .50
80.00
82.50
85.00
87.50
90.00
92 .50
95.00
97 .50

100.00

0.012 2 .9r
0.012 2 .92
0.012 2 .93
0.012 2 .93
0.012 2.94
0.012 2 .94
0.012 2 .95
0.012 2 .95
0.012 2.96
0.012 2.96

3.00 3.00
3.00 3.00
3.00 3.00
3.00 3.00
3.00 3.00
3.00 3.00
3.00 3.00
3.00 3.00
3 . 00 3 .00
3.00 1.00

3.00 3."77
3.00 3.81
3.00 3.8s
3 .00 f .89
3.00 3.94
3.00 3.98
3.00 4.03
3.00 4.08
3.00 4.13
3.00 4.18

8.63 10.33
8.91 10.?5
9.20 11.17
9.50 11.60
9.81 12. 0s

10.12 12.50
10.44 12 .97
r.0.76 13.44
11 nq 11 q'

11.43 14 .42

10.33
10 .'75
11.17
11.60
12.05

12-97
13.44

t4 .42

432 . 4r
432.83
433 .25
433.58
434 .73
434 .58
435.05
435 .52
436.00
416.50

I

I

I

PIPE NO. 2: 85 LF - 36'CP @ 0.'762
JIJNC NO. 2: OVERFLOW-El,: 441.17 BEND:

Q(CFS) HW(FT) HW ELEV, I' N-FAC DC

OUTLET: 429.50 INLET: 430.15 INTYP: 5

75 DEG DIA/WIDTH: 6.0 Q-RATIO: O. OO

DN TW DO DE HWO HWI

0.65
0.94
1.1?
L .3'1

L.73
1.89
2 .05
2 .20
2.35
2 .50
2 .65
2.80
2 .95

3.40
3.55
3.'72

4.11
4 .32
4 .54
4.76
5 - 00
5.24

6.18

6.'74
'7.O9
'7 .42

8.09
8.45
8.81

9 .96

430.80
431.09
43t . 32
43L . 52
43L.70
431.88
432 . 04
432 .20

432 . 50

432 - BO

432 .95
433. r0
433 .25
433.40

473 .70
433.87
434 . O'7

434 .26
434 .4'7
434 .69
434.91
435.15
435.39
435.77
436.05
436.33
436 .62
436.93
43'7 .24
437 .5'l
437 .90
43e.24
438.60
438.96
439.33
439.12
440.11

* 0.012 0.50 0.41 0.00 0.41 0.50 0.55
* 0.012 0.'1r 0.58 0.00 0.58 0.71 0.94
* 0.012 0.87 0.70 0.00 0.70 0.a7 ***** L.1'7
* 0.012 1.01 0 - 81 0.00 0.81 1.01 *4*** r.37
* 0.012 1.13 0.91 0.00 0 - 91 1- 13 1. ss
* 0.012 !.24 1.00 0.00 1-00 L.24 L.'73
* o .or2 1.34 1- 09 0.00 1.09 1.34 1.89
* 0.012 1.44 !-1'7 0.00 r.l'7 1.44 2.O5
* 0.012 1.53 a.25 0.00 !.25 1.53 2 .20
* 0.012 r.62 L-32 0.00 L.32 1.62 2.35
* 0.012 1.70 1.39 0.00 1-39 1.?0 2.50
* 0.012 1.?8 r.41 0.00 7.4'7 1.?8 2.65
* 0.012 1.85 1.54 0.00 1. s4 1.85 2.80
* 0.012 1.93 1.61- 0.00 1- 61 1.93 2.9s
* 0.012 2.00 !.6'7 0.00 7.67 2.OO 3.10
* 0.012 2.06 I.74 0.00 !.74 2.06 '.**** 3.25
* 0.012 2.L3 1.81 0.00 1.81 2.13 ***** 3.40
* 0.012 2.r9 1.88 0.00 1.88 2.r9 3 - 55
* o. ot-2 2.25 1. 95 0.00 1.95 2.25 ***** 3 .72
* o. or,2 2.31 2.03 0.00 2.03 2.3! 3 .92
* 0.012 2.36 2.10 0.00 2 -10 2.36 4 .11
* 0.012 2.41 2.r8 0.00 2-ra 2.41 4.32
* 0.012 2.46 2.26 0.00 2.26 2.46 *t*** 4.54
* 0.012 2.5r 2.3s 0.00 2.35 2-5! 4.16
* 0.012 2.55 2.45 0.00 2-45 2.55 ***** 5.00
* 0.012 2.59 2.57 0.00 2.57 2.59 ****+ 5.24
* 0.012 2-63 2.7A 0.00 2.63 2.'74 5.05 5.62
* 0.012 2.66 3.00 0.00 2-66 2.90 5.23 5.90
* o.012 2.10 3 - 00 0.00 2.70 3.0s 5.50 5. 18
* 0.012 2.12 3.00 0.00 2.72 3.3,2 5.'74 6.47
* o. 012 2.'?5 3.00 0.00 2.'75 3.19 5.99 6.75
* o. 012 2 -78 3.00 0.00 2.1a 3.26 6.24 '7 .09
* 0.012 2.80 3.00 0.00 2.Bo 3.33 6.50 '7.42
* 0.0r-2 2.82 3.00 0.30 2-A2 3.40 6.7'7 '7.7s
* 0.012 2.A4 3.00 0.64 2.A4 3.4'1 '7.04 8.09
* 0 .012 2.A5 3 .00 1.00 2 -A5 3 .55 7.33 I .45
* 0.012 2.87 3. O0 1.36 2.A1 3 .62 7.6r 8.81
* 0.012 2-8A 3.00 !.73 2.aa 3.?0 1.97 9.18
* 0.012 2.89 3.00 2.12 2.A9 3.?S 8.21 9.51
* 0.012 2.90 3.00 2-5L 2.90 3.a'7 8.s3 9.96



HWO

I
I
t
T

I
I
I
I
I
I
I
I
I
I

102 .50 10.36
105.00 10.78

OVERFLOW
107.50 11.20
110 . 00 11.53
112 .50 12.08
115.00 12.'78
11?.50 11.61
120.00 14 .46
122.50 15.33
125.00 76 .2L

2.50 0.55
5.00 0.9'l
7.50 I .22

10.00 | .45
12.50 1.56
15.00 L.8'J
1?.50 2.o'7
20 - 00 2.2'7
22 -50 2 .4'7
25.00 2 .64
27 .50 2.88
30.00 3.10

440.51
440.93

* 0.012 2.91 3.00
* 0.012 2 .92 3.00

OVERFIOW ENCOUNTERED AT IO7 . 50
CONDITIONS CALCUI,ATED ASSWING

2.91 2.9a 3.95 8.8s 10.36
3.33 3.33 4.49 9.64 10.78

cFs DISCHARGE *******t*********
SURCHARGE CONDITIONS
3-75 3.?s s.01 10.40 11-20
4.18 4 .18 5.53 11. 17 rr.63
4.63 4 .63 6.06 17.97 12 - 08
s.08 5 - 0B 6.51 12.78 L2 .53
s.s5 5.55 '7 -r'7 13.61 L2.99
6.02 6 -O2 7 .74 14.46 13.4'7
6 .50 6.50 B .32 15.33 13.9s
? .00 ?.00 8.92 16.21 14.44

441.35
441.74
442 .23
442 .93
443.'76
444 .61
445.48
446 .36

* 0.012 2.93 3.00
* 0.012 2 .93 3.00
* 0.012 2.94 3. 00
* 0.012 2 .94 3.00
* 0.012 2.95 3. 00
* o -or2 2.95 3.00
* 0.012 2 .96 3.00
* 0.012 2 .96 3.00

PIPE NO. 3: 40 LF - 30iCP 3.75t OUTLET:435.00 INLET: 435.50 INIYP: 5

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE

43'1 .L5 * 0.012 0.52
43'7 -47 * 0.012 0-74
43'7 .'12 * 0.0r2 0.91
43'7.95 * 0.0r2 1-06
438.16 * 0.012 1.19
438.3-l * 0.012 1.3r
438 -5'? * 0.012 1.42
438 -7'7 * 0.012 r.52
43A.97 * 0.012 1.62
439.18 * 0.012 I.7L
439 - 38 * 0.012 r.79
439.60 * 0.012 1.87
439.8'7 * 0.012 1.95
440.15 + 0.012 2 .01
440.45 * 0.012 2. 08
440 -1',7 * 0.012 2.13
441. 11 * 0.012 2.!9
44L.47 * 0.012 2 .23
441.85 * 0-012 2.2'7
442-26 * 0.012 2.30
442.6A * 0.012 2.33
443 -12 * 0.012 2 .36

OVERFLOW ENCOUIfTERED AT
443.59 * 0.012 2.38
444 - O'7 * O.O12 2.40
444.5A * 0.012 2 .41-
44s.11 * 0.012 2 .43
445.65 * 0.012 2 .44
446.22 * 0.012 2 .45
446.At * 0.012 2 .45
44?.42 * 0.012 2-46
448.05 * 0.012 2 .47
448.70 * 0.012 2 .47
449.37 * O.0L2 2-47
450.06 * 0.012 2.44
450.7'7 * 0-012 2.44
451.5L * 0.012 2 .44
452.26 * 0.012 2 .49
453.04 * 0.012 2 .49

HWI

0.30 0.00 0.30 0.52 0.65
0.41 o.o0 0.41. o-'14 0-9'1
o. s0 0.00 0 - 50 0.91 I.22
0.58 0.00 0.58 1.05 7.45
0.65 0-00 0.6s 1.19 7.66
o.'17 o.o0 0.71 l--31 I.87
o.'7'7 0.00 0.7'7 a.42 2.O7
o.82 0.00 0.82 1,.52 2.27
0.88 0.00 0.88 1.62 2-47
o. 93 0.00 0.93 1.71 2 .64
o. 98 0.00 0.98 1,.'79 2 .AA
1.02 0.00 r.o2 7.a'7 3 .10
1.0? 0. o0 1.0? 1.95 3 .3'1
7 -L2 0. O0 L -1_2 2 -Ol, ***** 3 .65
1. 15 0.00 1.16 2.08 I ' 9s
1.20 O. O0 1.20 2.A3 ***** 4 '21
1.25 o. O0 L -25 2.A9 ***** 4.6r
r.29 O.OO I.29 2.23 ***** 4..97
1.33 o. OO 1.33 2 -27 ***** 5.35
1.37 0.00 1.37 2.30 ****" 5.16
L.42 o. OO r.42 2.33 6.18
1.46 o.O0 1.46 2.36 6.62

57 .50 CFS DI SCIIARGE * i * * * + * * * * * * * * * * *
t .50 o. oo 1.50 2.35 ***** 7 .O9
r.54 0.00 1- 54 2.40 ***** 7 .57
1.59 0.15 1.59 2.41 8.08
1.63 0.39 1.53 2.43 ***** 8.61
'L.67 O.'17 I.5'7 2.44 ***** 9.15
t.'72 1.Os r.'72 2-45 9.72
r.16 1.33 r.76 2.45 ***** 10.31
1.81 7.62 1.81 2.46 LO.92
1.86 1.93 1.93 2.4'7 11.55
1. 91 2.24 2.24 2 -4'7 12.20
r .9'1 2 .57 2 .57 2 -4't 12 . A1

2.03 2.90 2 -90 2 .86 9.86 1.3.56
2.09 3 .24 3.24 3 -29 10.70 14.27
2. J-a 3 .60 3.60 3 .74 11.58 15.01
2.33 3 .96 3.96 4.19 L2 -47 r5.76
2 .50 4 .33 4.33 4 -66 13.40 76.54

32.50
35.00

40.00
42 .50

3 .3'l
3.65
3.9s

I

I

I
I
t

45.00 4.97
47 .sO 5.35
s0.00 s.76
52.50 6.18
55. UU O. Oz

5?.50 '7 .09
50.00 '7 .s7
62.50 I .08
65.00 8 - 61
6'7.50 9.15
70.00 9.'72
'12 .50 10 . 31
?5.00 1o.92

11 <cl

80.00 12.20
82.50 12.a'7
85.00 l-3.56
97.50 L4.2'7
90.00 15.01
92 .50 75 .'76
95.00 15.54



T

I
I
I
T

I
I
I
I
I
I
I
I
I
t
I
I
I
I

97.50 r'1 .33
100.00 18.15
102.50 18.98
105.00 19.84
r07.50 20.72
110.00 2r .57
112.50 22.53
r15 . 00 23 .4'7
117. 50 24 .43
120.00 2s .4r
L22.50 26.54
125. 00 28.15

Madsen Pond
Conveyance Syslem

Pl PES . DOC

453-83 * 0.012
454.65 * 0.012
455.48 * 0.012
456.34 * O.O!2
45'7.22 * 0.012
458.11 * 0.012
4s9.03 * 0.012
459.9'7 * 0.012
460.93 * 0.012
461.91 * 0.012
453 .04 * 0.012
464.55 * 0.012

2.49 2.50 4 .72
2.49 2.50 5.11
2.49 2 .50 5.51
2 .49 2.50 5.93
2.49 2.50 6.35
2 .50 2 .50 6.74
2 .50 2.50 7 .23
2.so 2.50 '7.93
2 . s0 2.50 8.76
2 .50 2.50 9.61
2.50 2.50 10.48
2.50 2.50 11.36

4.-72 3.L4

6.'78 '7 .'74

'7.93 9.11
8.76 10.05
9.61 11.03

10.48 12.02
11.36 13.03

14.34 1?.33
15.31 18.15
16.31 18.98
1?.33 19.84
18.38 20.72
19.45 21- .61
20.54 22 .53
2L.97 23 .4'7
23.42 24 .43
aA aA 1., 41

26.54 26 .41
2A.75 27 .44



I

BACKWATER COMPUTER PROGRAM FOR PIPES
Pipe data from file:conduit bwp

Surcharge condition at intermediate junctrons
Tailwater Ef evat ion: 42 5 . feet

Discharge Range:106. to 119. Step of 0.25 [cfs]
Overflow El evat ion: 44l. . 1? feet

WeiT : NONE
\ra1-^irV:0. feet/sec

PIPE NO. 1: 42 LF - 36'CP @ 0.19? OUTLET: 422.00 INLET: 422 08 INTYP: 5

.]UNC NO. 1: OVERFLOW.EL: 436.50 BEND: 55 DEG DIA/WIDTH: 6.0 Q-RATIO: O.OO

DE HWODOQ(CFS) HW(FT) H',I ELEV. * N FAC DC DN TW

105.00
1A6 .25
106.50
106.75
107.00
ra'? .25
107.50
707 .'7 5

108.00
108.25
108.50
108. ?5
109.00
109.25
109.50
109. ?5
110.00
r10.25
110.50
110. ?5
111.00
rrt.25
111.50
111.?5
112.00
rL2 .25
t-12.50
'L12 .'15
r13.00
l-13.25
l-1f .50
113.7s
t-14.00
II4 ,25
114.50
114 .'l5
115 . 00

115.50
115.75

10.92
10.96
11.00
11.04
11.09
11.13
7I . )-7
11- .2l

11.30
11.34
11.39
11.43
LI .47
IT .52

11.60

rI .'7 4

IT.74
11.83
11.87
11.91
11.95
12 .00
12 .05
12 .09
12.L4
12.ta

:12 .32
1-2 .36
T2.4I
12.46
12.50

12 .59

433.00
433.04
433.08
433 . L2
433 . 1',7

433 .2r
433 .25
433 .29
433 .34
433.38
433 . 42
433 .47
433.51
433.55
433.60

433.68
433.13
433.7'7
433 . 82
433.86
433.91
433.95
413.99
434.04
434.08
434.13
434 . t7

434 .26
434.31
434 .35
434 .40
434 .44
434 .49
434 .54
434 .54
434 .63
434 .6'l

* 0.012 2.92 3 .00 3 .00
* o.or2 2.92 3.00 3 .00
* 0-012 2.92 3.00 3.0C
* 0.012 2.92 3 . 00 3.00
* 0-012 2.92 3-00 3.00
* 0.012 2.93 3 . 00 3 .00
* 0.012 2.93 3. 00 3.00
* o.012 2.93 3.00 3 .00
* o.or2 2.93 3.00 3.00
* 0.012 2.93 3.00 3.00
,* 0.012 2.93 3.00 3.00
* 0.0r.2 2.93 3.00 3.00
* 0.0i.2 2.93 3. 00 3.00
* 0.012 2.93 3.00 3.00
* 0.012 2.93 3.00 3.00
* 0.012 2.93 3.00 3.00
* 0.012 2.93 3.00 3.00
* 0.0r.2 2.93 3.00 3.00
* 0.012 2 -93 3.00 3.00
* 0.012 2.93 3.00 3.00
* 0.012 2.94 3.00 3 .00
* 0-012 2.94 3-00 3.00
* 0.012 2-94 3-00 3.00
* 0.012 2.94 3.00 3.00
* 0.0r-2 2.94 3.00 3 .00
* 0 - 012 2.94 3.00 3 .00
* 0.012 2.94 3.00 3.00
* 0.0r.2 2.94 3.00 3.00
* 0.012 2.94 3 .00 3 .00
* 0 .012 2.94 3 .00 3 .00
* 0.012 2.94 3 .00 3.00
* 0.012 2.94 3.00 3.00
* 0.012 2 -94 3.00 3.00
r 0.012 2.94 3.00 3.00
* 0.012 2.94 3.00 3.00
* 0.012 2.94 3.00 3.00
* 0.012 2.94 3.00 3.00
* 0.012 2.94 3.00 3,00
* 0.012 2.95 3.00 3.00
* 0.012 2.95 3.00 3.00

3. 00 3 .a2 9.03 r0.92
3.00 3.83 9-06 10.96
3 . 00 3.83 9. 09 11.00
3 . 00 3 .84 9.11 11.04
3 . 00 3.84 9.74 11.09
3 . 00 3.85 9.1'/ 11. 13
3 .00 3.8s 9.2A ),r.\7
3 . 00 1.85 9.21 11.21
3.00 3.86 9 .26 !7.26
3.00 3. s5 9.29 11.30
3.00 1.a7 9.32 11.34
3.00 3.s7 9.35 11.39
3.00 3.88 9.38 11.43
3.00 3.88 9.41 LL.4'7
3 .00 3.88 9.44 rt.s2
3.00 3.89 9 .47 11.56
3.00 3.89 9.50 11.60
3 .00 3.90 9.53 11.6s
3.00 3 .90 9.56 11.59
3.00 3.91 9.s9 rr-'74
3. 00 3 .91 9.62 11.78
3.00 3 .92 9.65 11.83
3. 00 3 .92 9.68 11.87
3-00 3.92 9."tL 11.91
3. 00 3 .93 9.'14 11.96
3 . 00 3 .93 9.'7'7 12.00
3 . 00 3 -94 9.81 12 .05
3.00 3.94 9.84 L2.09
3.00 3.95 9.A7 12.L4
3.00 3.95 9.90 12.18
3 .00 3.96 9.93 L2.23
3.00 3.96 9.95 12.2"7
3.00 3.9'7 9.99 12.32
3 .00 3.97 I0 .O2 L2.36
3.00 3 .9'7 10.05 12.41
3.00 3.98 10.09 12 .46
3 .00 3. 98 rO.a2 12.50
3.00 3.99 r0.15 12.55
3.00 3.99 10.18 12.59
3.00 4.00 10.21 L2.64
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116.00

116.50

117.00
rt7 .25
117.50
I1-7 .'7 5
118.00
118.25
118.50
118 - 75
119.00

PIPE NO.
JUNC NO.

12 .'7 3

12.74
12.83
L2 . a't
t2 .92
12 . 9'7

13.01
13.06

13.20
13.25

434.17
434.81
434 .86
434 .9r
434.95
435.00
435.05
435.09
435.14
435 . 19
435 .23
435 .28
435.33

* 0. 012 2 .95
* 0.012 2 .95
* 0.012 2 .95
* 0.012 2 .95
* 0.012 2 .95
* 0.0r2 2.95
* 0.012 2.9s
* 0.012 2.95
* 0.012 2 .95
* 0.012 2.95
* 0.012 2.95
* 0.012 2.95
* 0.012 2.95

3.00 3.00 3.00
3. q0 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00
3.00 3.00 3.00

4.00 ro.24 L2 .69
4.01 10.28 12.'73
4. 01 10.31 12.74
4.02 10.34 12.83
4.02 10.37 72.87
4.01 10.40 12 .92
4.03 10.44 12 .97
4 .04 rO .47 13 . 01
4.04 L0.50 13.06
4.04 10.53 13.11
4.05 10.s5 13.15
4.05 10.60 13.20
4 .05 10.63 13 .25

2: 86 LF - 36'CP @ 0.'762 OUTLET:
2: OVERFLOW-EL: 441.1? BEND: ?5 DEG

* 0.012 2 .92 3.00
* o.oTz 2 .92 3.00

429.50 INLET: 430,15 INTYP:5
DrA/wlDTH: 5.0 Q-RATIO: 0.00

DOQ(CFS) HW(FT) HW ELEV. * N-FAC DC DE HWO HWI

106.00 10.95
ao6.25 10.99

OVERFI,OW
105.50 11.03
106.75 11.07
10.7 ,.00 11 . 12
LO'7 -25 11 . 16
10?. s0 11 .20
10'1 .75 1-r .24
108.00 17 .29
J./l.tt, t.a II.Jr
108.50 11.37
1O8{t5 Ir .42
109.00 11.45
r09.25 11.50
l-dq,'sb 11. s5
109.?5 11.59
r10. o0 11.53
110.25 11.68
$t0.50 LI.'72
110. ?5 lL.'l'7
rJ.1.00 11.81
111.25 11.85
111.50 11.90
111- 75 11. 94
112.00 rL.99

112.50 12.08

113 - 00 L2.!7

113.59 a2 .29

iTa .bb L2 . 45
rt 4 .25 12 .54
t).4 ,50 12 . 62

441.10
441.14

OVERFLOW ENCOLTNTERED AT 105.50
CONDITIONS CA],CTJI,ATED ASSWING

441: 18 * 0.012 2.92 3 . 00
441.22 * 0.012 2.92 3.00
44r.2? * O.O12 2.92 3-00
441.31 ' A.O\2 2.93 3.00
441. 35 r 0.012 2.93 3.00
447.39 * 0.012 2.93 3.00
441,.44 * 0.012 2.93 3.00
44r.48 * 0.012 2.93 3.00
441.s2 * O.Or2 2.93 3-00
44r.5't * 0.012 2.93 3.00
44r.67 * 0.012 2.93 3.00
44r.65 * 0-012 2.93 3.00
44r.'70 * 0.012 2.93 3.00
44r.'74 * 0.012 2-93 3.00
44r.'tB * 0.012 2 .93 3.00
441 .83 * 0.012 2 .93 3.00
44r.A7 * 0.012 2.91 3.00
44r.92 * 0.012 2.93 3.00
44L.96 * 0.012 2.94 3.00
442.OO * 0.012 2.94 3.00
442.05 * 0.012 2.94 3.00
442.09 * 0.012 2.94 3.00
442.14 * 0.012 2.94 3-00
442.7A * 0.012 2.94 3.00
442-23 * 0.012 2.94 3.00
442.27 * 0.012 2.94 3.00
442.32 * 0.012 2.94 3.00
442.36 * 0.012 2.94 3.00
442.44 * 0.012 2.94 3.00
442.52 * 0.012 2.94 3.00
442.60 'r 0.012 2.94 3.oo
ttz.ag * 0.012 z.s4 3.oo
+42.77 * 0.012 2.94 3 .00

3 .50 3.50 4 .70 9 .94 10.95
3 .54 3.54 4 .75 10.01 10.99

.Fq NTq(.HAPGE

SURCHARGE CONDITIONS
3 .58 3.58 4 .80 10.09
3 .62 3.62 4.85 10.17
3 .6'7 3.67 4.90 !0.24
3.77 3.71 4.95 l-O.32
3.75 3.75 5.01 10.40
3.79 3.'79 5.05 70.4'l
3.84 3.84 5.11 r0. s5
3.88 3.88 5.16 10.53
3.92 3.92 5.21 10. ?0
3 .97 3 .9'7 5 .27 10 . 78
4.0L 4.01 5.32 10.85
4.05 4.05 s.37 10.94
4. 10 4.10 s.42 11.02
4.14 4.14 5 - 48 11.09
4. 18 4 .18 5.53 11. 17
4.23 4.23 s.s8 Lr-25
4.2'7 4.21 5 .63 11.33
4 .32 4.32 5-69 11.41
4 .36 4.36 s.74 11.49
4.41 4 .41 5.79 11.57
4.45 4.45 5.85 11.6s
4.49 4.49 s.90 11.73
4 .54 4.54 5.96 11.81
4.58 4.58 6-01 11.89
4 .63 4.63 6.05 1r.91
4.57 4.61 6.I2 12.05
4.72 4.72 6.1,1 12 .13
4 .7 6 4 .16 6 .23 12 .21-
4.a1, 4.81 6.2A 12 .29
4 .85 4.85 6.34 12.37
4.90 4.90 5.39 12.45
4 .94 4.94 6.45 L2.54
4 .99 4.99 5.50 L2.62

11.03
11.0?
11.12
11.16
11.20
L1.24
7r -29
11.33
1l-.37
t7 .42

11.50
11.55
11.59

Lt.72
Ll .7'7
11.81
11.85

11.94
11 .99
1t ni
12.08

72.L7

12.30
12 .35
12 .39
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tt4 .'7 5

115.00

115.50

116.00
116.25
116.50

117.00
rr7 .25
117 . 50

118.00

118.50
118.75
119.00

12 .'70
12 .'7I

13.11
13.19
13.28

13.53
13.61
13.70
13.78

13.9s
14.03
14.12

442 .As
442 . 9f
443 .01
443 .10
443.18
443 .26
443 .34
443 . 43
443.51
443 .59
443.68
443.'76
443.85
443 .93
444 .0r
444 .14
444 . rA
444.2'7

0.012 2 .94 3.00
0.012 2.94 3.00
0.072 2.94 3.00
0,0r2 2.95 3.00
0.012 2.95 3 .00
0 - 012 2.9s I .00
0.012 2 .9s 3 .00
0 - 012 2.95 3 .00
0.012 2 .9s 3.00
o.or2 2 .95 3.00
0.012 2.95 3.00
0.012 2.95 3.00
0.012 2.95 3.00
o.or2 2 .95 3.00
0.012 2.95 3.00
o.or2 2.95 3.00
0.012 2.95 3.00
0.012 2.95 3.00

5.04 5.04 6.56
s.08 5.08 6.6r.
5.13 s.13 6.6'7
5.7'7 5.r'7 6.72
5 .22 5 .22 6.74
5.27 5.2'7 5.83
5.31 5.31 6.89
5.36 5.36 6.94
5.41 5-41 ?.00
5.45 5.45 '7.06
5.50 5.50 7.11
5.55 5.55 7.L7
5.59 5.59 't.23
5.64 5.64 7.24
5.69 5.69 7.34
5.'J1 5.'J3 7.40
5.'74 5.78 7.45
5.83 5.83 7.5r

12 .'70 12 .49
12.'78 12.53
12.46 12.58
12.95 t2 .62
13.03 12 .67
13.11 t2.72
t-3 . 19 72 .76
L3.28 12.81
13.36 12.85
13.44 12.90
13.53 72.95
13.51 12 .99
13.70 13.04
13.78 13.09
13.86 13.14
13.95 13.18
14.03 13.23
L4 _t2 13.28

PIPE NO. 3: 40 LF - 30'CP 3. ?5? OUTLET: 435.00 INLET:436.50 INTYP: 5

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN DO

** OVERFLOW ENCOUNTERED AT 106.OO CFS DISCHARGE
ACTUAL OVERFLOW MAT OCCUR AT ],ESS TIIAN 106.00 CFS

105.00 20.1-9 456.69 * 0.012 2.49 2.s0 6.10 5.10 6.A7 17.15 20.19
L06.25 20 -2'7 456.77 * 0. 0r2 2 .49 2.50 6.14 6 -I4 6.93 1?.8s 20.2'7
105.50 20.36 4s6.85 * 0.012 2.49 2.50 6.18 6.18 6.9A r7.98 20.36
106.?s 20.45 456-95 * 0-012 2.49 2.s0 6.22 6.22 7.03 18.06 20.45
107.00 20-54 457 -04 * 0.012 2.49 2.50 6.27 6.27 1.OA 18.1? 20.s4
LOj.25 20-63 457.r3 * 0.012 2.49 2.50 6.31 6.31 7.74 !8.2't 20.63
107.50 20.72 457 .22 i 0.012 2 -+9 2 .50 6.35 6 - 35 7 .19 18.38 20.72
707.'t5 20.80 45'7.30 * 0.012 2.49 2.50 6.39 6.39 7.2s 18.48 20.80
108. O0 20.89 45'1 -39 * 0.012 2 -49 2.5A 6.44 6.44 7 -30 18.59 20.49
roa.25 20.98 45'l -48 * 0.012 2.49 2.50 6.48 6.48 7 -35 18.70 20.94
108.50 2I .07 4s'7 .s7 * 0.012 2 -49 2.50 6 -52 6.52 7 .41 18.80 2L.O'7
108.75 21 .16 457.66 * 0.012 2.49 2.50 6.57 6-57 7.46 18.91 21 .r('
1o9.OO 2!.25 45'?-75 * 0.012 2.49 2.50. 6-61 6.61 't-52 L9.02 21 .25
109.25 2J-.34 457.84 * 0.012 2-49 2.50 6.65 6.65 7.51 19.12 2)-.34
109.50 2r.43 45'?.93 * 0.012 2.49 2-50 6.70 6,'70 't -63 L9.23 21.43
109-75 2L-52 4s8.02 * 0.012 2.50 2.50 6,74 6-'74 7.6a L9.34 2r.52
110-OO 2r.61 458.11 * 0.012 2.50 2.sO 6.78 6.7A '7.74 L9.45 21.61
110.2s 2L.'tr 458.2L * 0.012 2.50 2.50 5.83 6.83 '7.79 19.56 21.17
1r0.50 21.80 458.30 * 0.012 2.50 2.50 6.87 6.57 '7 -A5 19.66 21.80
110.75 2t-.A9 458.39 * 0.012 2.50 2.50 6.92 6.92 7.90 L9.'7'7 2r.49
r.1r.0o 2t.98 458.48 * 0.012 2.50 2.50 6.96 6.96 '7.96 19.88 21.98
1rr.25 22.07 45A.5'l * 0.012 2-50 2.s0 7.00 7.00 8.01 19.99 22.O'7
111.s0 22.16 45A-66 * 0.012 2.sO 2.50 7.05 '7.05 8.07 20.10 22.1-6
rrI .'75 22.26 458.?6 * O-Or2 2.50 2.sO 7.09 '7.09 8.12 20.2), 22.26
112.00 22.35 458.85 * 0.012 2.50 2.50 7.74 1.14 8.18 20.32 22.3s
!r2.25 22.44 4sA.94 * 0.012 2.50 2.30 7.1S 7.1S A.24 20.43 22.44
112. s0 22 -53 459.03 4 0.012 2.50 2.sO 7 .23 7 .23 A.29 20.54 22.53
7I2.'75 22.63 459.13 * 0.012 2.50 2.50 7.27 '7.27 8.35 20.65 22.63
113-00 22.72 459.22 * O-OL2 2.50 2.50 7-12 7.32 8.40 20.76 22.72
113.25 22,81 459.31 * 0.012 2.50 2.50 1.36 '7.36 A-46 20.47 22.51
113.50 22.91 459.4), " O.Or2 2.50 2.50 'l .44 '7.44 8-55 2r.02 22.91

HWO HWI



I
I
I
t
T

I
I
I
t
I
l
I
I
I
I
I
I
I
I

113.75
r14.00
)-r4 .25
114 . 50
1r4 .75
115.00

115. s0

116.00

116.50
116.75
t-17.00
rr7 .25
11?.50
rr'7 .'15
118.00
118-25
118.50
118.7s
119.00

23.00
23.09

23.24

23 .57
23.66
23.76
23 .4s
23 .95
24 .05
J4 14

24 .24
24 .34
24 .43
24 .53
24.63
24.'72
24 .82
24 .92
25-02

459.50 * 0.012
459.59 * 0.012
459.69 * 0.012
459.74 * 0.012
459. BB * 0.012
459.97 * 0.012
460.O'7 * 0.012
460.16 * 0.012
460 .26 * 0.012
460.35 * 0.012
460.45 * 0-012
460.55 * 0.012
460 .64 * 0.012
460.74 * 0.012
460-84 * 0.012
460.93 * 0.012
461.03 * 0.012
461.13 * 0. 012
46L .22 * 0. 012
46L.32 * 0.012
46L.42 * 0.012
46r.s2 * 0.012

2.50 2.50 '7.52
2.50 2 .50 7 .60
2.50 2.50 ',l.69
2 .50 2 .50 7 .7'7
2.50 2.50 7.85
2.50 2 .50 7 .93
2.50 2.50 8.01
2 .50 2. 50 8.10
2.50 2.50 8.18
2 .50 2 .50 A.26
2 .50 2 .50 4.34
2 .50 2 .50 8.43
2 .50 2 .50 8.51
2 .50 2.50 B. s9
2.5A 2.50 8.68
2.50 2-50 A.'76
2.54 2.50 8.85
2.50 2.50 8.93
2.50 2.5A 9.01
2.50 2.50 9.10
2.50 2.50 9.18
2.50 2.50 9.2',7

'7.52 4.64
7.60 8.74

'7.'t'7 A.92
'7.A5 9.02
'7.93 9.L7
8.01 9.20
8.10 9.30
8.18 9.39
a.26 9 .49

8.43 9.68
8.51 9.'77
8.59 9.87
e _ 68 9.96
L 76 10.06
L 85 10.15
I . 93 10 - 25
9.01 10-35
9.10 10.44
9.18 10.54
9 .2'7 r0 . 64

2L .11 23 . 00
21.31 23.09
21 .46 23 .19
2L.6L 23 .2A
2L .16 23 .38
2r .97 23 .4'7
22 . 06 23 .5'7
zz-2L 21.66

22 .5! 23 . 85
22.66 23.95
22.A1 24.05
22 .96 24 .1-4
23-rZ 24-24
23 . 2',7 24 .34
23.42 24 .43
23 . 5'7 24 .53
23 .73 24.63
23.AA 24.72
24.03 24.82
24.L9 24.92
24.34 25 .02
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BACMATER COMPUTER PROGRAM FOR PIPES
Pipe data from file: PiPeS. bwP

, .J':1' J<- 1 ,- !, ...)
t,trt./,).t.

(

Using a broad-crested weir at intermedj'ate junctions
lndivj,dual CB's subject Lo surcharged condition
should be simulated by raising the overflo', elevatlon
to an approprlate height above the rim elewation.

Tailwater Elevation:425_ feet -rol -r ti. tt'l tf
Discharge Range:2.5 Lo I25. Scep of 2.5 lcf s]

Overflow El evat ion: 441 .17 feet
Sharp crested weir: Length:18.8 feet, Height:2.13 feel
upstream velocicy:0. feet / sec

PIPE NO.
.II,'}JC NO.

Q(CFS} HW(FT) HW EI,EV. * N.FAC DC DN TW DO DE HWO IIWI

1:
1:

42 LF - 36'CP @ 0.19* OUTLET: 422-00 INLET: 422.08 INTYP: 5

OVERFLOW-EL: 436.50 BEND: 55 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

I
t

t
I
t

2 .50
5.00
?.50

10.00
12 .50
15.00
17.50
20.00
22.50
25.00
2'7 .50
30-00
32.50
35.00
3'1 .50
40.00
42.50
45.00
4'1 .50
50.00
52.50
55.00
57.50
50.00
52 .50
55.00
67 .50
70.00
'72 .50
?5.00
'7'7 .50
80.00
82.50
85.00
a1 .50
90 - 00
92.50

2 .93
2 .94
2 .95

2 .99
3.01
3.05
3.0e
3.13
3-17
3 .23

3.49
3 .57
3.65
7.74
3.84

4.04
4.15

4.38
4 .5'7
4 .'7'7
4 .99
5.8?
6.15

6.75
7.06
7 .39
7 .12
8.05
4.42

425.0r * 0.012 0.50 0.58 3.00 3.00 2.93 2.93 0-66
425.02 * 0-012 0.71 0.81 3.00 3-00 2.93 2.94 0.95
425,03 * O-O),2 0.87 1.00 3.00 3.00 2.93 2.9s 1.17
425.04 * 0.012 1.01 1-1? 3.00 3.00 2.93 2.96 7.3'/
425.O7 * 0.012 1.13 r.32 3.00 3.00 2.94 2.99 1.55
425.09 * 0.012 1,.24 1.46 3.00 3.00 2.94 3.01 1.71
425.13 * 0.012 a.34 1.50 3.00 3.00 2.95 3.05 1.86
425.16 * 0.012 7.44 1.'14 3.00 3.00 2.95 3.08 2.07
425.2r ,* 0.012 1.53 1.88 3.00 3.00 2.96 3.13 2.I5
42s.25 * 0.012 7-62 2.02 3.00 3.00 2.9'7 3.r'7 2.29
425.3L * 0.012 r.70 2.a'/ 3.00 3.00 2.98 3.23 2.43
425.3't * 0.012 A.7A 2-34 3.00 3.00 3.00 3.29 2.56
425.43 * 0.012 1.86 2-56 3.00 3.00 3.00 3.35 2.69
425.50 * 0.012 1-93 3.00 3.00 3.00 3.02 1.42 2.42
425.57 * 0.012 2.00 3.00 3.00 3.00 3.03 3.49 2.95
425.65 * 0.012 2.06 3.00 3.00 3.00 3.0s 3.57 3.07
42s.73 * 0.012 2.L3 3.00 3.00 3 .00 3.07 3.65 3.20
425.82 * O.012 2.!9 3.00 3.00 3 .00 3.08 3.74 3.33
425.92 * 0.012 2.25 3.00 3.00 3.00 3-10 3.84 3.4'7
426.Or t O.O72 2-3I 3.00 3.00 3.O0 3.L2 3.93 3.64
426.72 * 0.012 2.36 3.00 3 .00 3 .00 3. 14 4.04 3.81
426.23 * 0.012 2.41 3.00 3.00 3.00 3.16 4.15 3 -99
426.34 * 0.012 2.46 3 - 00 3.00 3 .00 3.19 4.26 4.17
426-46 * 0.012 2.5L 3.00 3.00 3.00 3.21 4.38 4.37
426.65 * O.012 2 -55 3.00 3.00 3.00 3.23 4.50 4.57
426.85 * 0.012 2.59 3.00 3.00 3. O0 3.26 4.63 4.77
427.O7 * 0.012 2-63 3-00 3.00 3.O0 3.29 4.17 4.99
427 .95 * 0.012 2 -66 3.00 3.00 3.00 3.31 5.55 5.87
428.23 * 0.012 2.70 3.00 3.00 3.00 3.34 5.75 6. is
42A.s3 * 0.012 2.72 3.00 3.00 3.O0 3.37 5.95 6.45
42A-83 * 0.012 2.7s 3.00 3.00 3.00 3.40 6.16 6.7s
429.14 * 0.012 2.'7a 3.00 3.00 3.00 3-43 6.38 7.06
429.47 * 0.012 2 -eo 3.00 3 .00 3. o0 1.47 6.60 1 .39
429 -AO * 0.012 2.A2 3.00 3 .00 3.00 3.50 6.83 7 .72
410.14 * 0.012 2.84 3.00 3.00 3.00 3.s4 1.07 8.06
430.50 * 0.012 2.8s 3.00 3.00 3.00 3.57 ?.31 8.42
430.86 ., O.O!2 2.87 3.00 3 .00 3.00 3.61 't .56 L ?8
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95.00 9.15
97.50 9.54

100.00 9.93
102. 50 10.33
105.00 10.7s
10?.50 11.1?
110.00 11.60
112.50 12.05
115.00 12.50
117.50 12.9',7
120.00 13.44
122.50 13.92
125 . 00 14 .42

3.00 3.00 1.55
3.00 3.00 3.68
3.00 3.00 3.'72
3.00 3.00 3.'77
3.00 3.00 3.81
3.00 3.00 3.85
3.00 3.00 3.89
3.00 3.00 3.94
3.00 3.00 3.98
1.00 3.00 4.03
3.00 3.00 4.08
3.00 3.00 4.13
3.00 3.00 4.18

7 .42 9. rs
8.08 9.s4
8.3s 9.93
8.63 r0.33
8.91 10. ?5
9 .20 11.17
9. s0 11.60
9.81 12.05

10.12 12.50
),o .44 12 .9')
't o.'76 l3 .44
11.09 13 .92
11.43 14.42

431.23 * 0.0r2 2 .88. 3. 00
437.62 * 0.012 2.A9 3.00
432. 01 * 0.012 2.90 3.00
432.4r * 0.012 2.91 3.00
412.a3 * 0.012 2.92 3.00
433 .25 * 0.012 2.93 3.00
433.68 * 0.012 2.93 3.00
434 . 13 * 0.012 2.94 3.00
434.59 * 0.012 2.94 3.00
435.05 * 0.012 2.95 3.00
435.s2 * 0.012 2.95 3.00
436.O0 * 0.012 2-96 3.00
436.50 * 0.012 2.96 3.00

PIPE NO. 2: 86 LF - 35'CP @ A'762 OUILET: 429'50 INLET: 430 15 INTYP: 5

JUNC NO. 2: OVERFLOW-EL: 441.1? BEND: ?5 DEG DIA/WIDTH: 6.0 Q-RATIO: O.OO

Q(CFS) HW(FT) HW ELEV. * N'FAC DC DN TW DO DE I]WO HWI

2 .50
5.00
7.50

10.00
L2.50
15.00
17.50
20.00

25.00
2',7 .54
30. 00

35.00
3',7 .50
40.00
42 .50
45.00
4',7 .50
50.00
52. s0

5?.50
60.00

65.00
67.50
70.00
72 .50
75.00
'7'7 .50
80.00
a2 .50
€5.0c
87.50
90.00
92.50

0.94
1.1?
r.3'7
1.55
r .'13

2 .05
2 .20

2-EO
2 .95
3 .10
3 .25
3 .40
3.55

4. 11
4 .32
4 .54
4.76
s.00

6.'74
7 .O9
7 .42

8.09
8.45
8.81

430.80
431.09

431.52
431.?0
431. B8
432 . 04
432 .20
432 .35
432.50

432 .80
432 . 95
433.10
433 .25
433.40
433 .55
473 .70
433.87
434 . O7

434 .47
434 .69
434 .9!
435.15
435.39
435.77
436.05
436.33

436.93
43'7 .24
43'7 .5'7
43'7 .90
438 .24
438.60
438.96

* 0.0t 2
* 0.012
* 0 - 0l-2
+ 0.012
* 0.0r2
* 0.012
* 0.012
* 0.01-2* o.or2
* 0.01-2
* 0.012
* 0.012
* 0.012
r 0.012
* 0.012
* 0 .012
* 0.012
* 0.012* o.oLz
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.01-2
* 0.012

0.50
0.7r
o .41

1 .24
1.34
r.44

'l- . 62
1.'70

2.OO
2 .06

2.!9

2 .36

2 - 55

2.66
2 .10
2 .12

2 - 80
2 .42
2.44

2.47

0.4L
0.58
0.70
0. 81
0.91
1.00
1 .09
| .1'7

| .32
1.39
1.4'l

1.61
| .6'l
!.'74
1.81
1.88
1-95
2.03
2 .1_O

2 .26
2 .35
2.45
2.57

3.00
3 - 00
3 .00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. c0
0.30
0.64
1.00
1.36

0.41
0.58
0.70
0.81
0. 91
1- 00
1.09
I.L7

7 -32

). . 4'7

r.74

1.88

2.03
2.10
2-ta

2 .57

2.70

2.74
2.80
2 .42

2 .45

0.50
o .71-
q.B?
1.01
l_.13
7 .24

). .44

t-.?0

1. g6
1.93
2.OO
2 -06
2 .!3
2 .79

2 .3r
2 .36
2.4!

2 .5L
2 .55

2.90
3.05
3.12
3.19

3.33
3 .40
3 .4'7

3.62

6.24

1-04

0.65
0 .94
L.r'7
r .3'7
t-.55
L.'73
1 Cq

2.05
2 .20
2.35
2 .50
2 .65
2.ao

1 1r)

3 .40
3.5s
3.72

4.11

4-54
4.76
s.00
5.24
5 .62

6.18

6."ts
7.09

8.09
8.45
8.81

I
t
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102.50 10.36
105.00 10. ?8

* * OVERFI,OW
** OVERFI,OW

10?.50 11.02 441.35

107.50 11.02 44r .17
110. OO 11.28 441 .43

r 0.012 2.8S 3.00
* 0.012 2.89 3 .00
* 0.012 2.90 3 .00
* 0.012 2 -9l- 3 .00
* 0.012 2 .92 3.00

ENCOUNTERED AT 107.50
HEADWATERS ASSUME 6.4

* 0.012 2 .93 3.00
PIPE FLOW PLUS WEIR

r .73 2 .88 3. ?0 7 .9r 9. 18

2.L2 2.A9 3.78 8.21 9.5'7
2 .sr 2.90 3 -A7 8. 53 9.96
2.91 2.9! 3.95 8.85 10.36
3.33 3.33 4.49 9.64 10.?8

CFS DISCHARGE
FT. BROAD-WEIR
3.?5 3.75 5.01 10.40 11.20

FLOW *****t***

95.00
97-50

100.00

5.00
7.50

35-00

9.18

9 .96

o .97

2.07
2 -27

439 .33
439.'72
440.11
440.51
440. 93

441 . 5B
441- .71
44r .82
441.93
442 . 03I

rI2.50 11.43
115.00 11 .55
11?.50 7r .67
120.00 11 .78
r22 -50 11 - B8
125.00 71.97 442 .1-2

2 .50 0.65

PIPE NO. 3: 40 l,F - 3O"CP @ 3.75? OUTLET: 435 ' 00 INI,ET: 436.50 INTYP: 5

Q(CFS) HW(FT) HW ELEV- * N-FAC DC DN TW DO DE I]h'O HWI

I

** OVERFI,OW ENCOUNTERED AT 45.00 CFS DISCHARGE

43'7 .r5 * O.012 0.s2 0.30 o. oo 0. 30 0 -52 0.6s
437 .4'7 * 0 - 012 0.74 o - 41 0.00 0.41 0.74 0.9'l
43't.'72 * 0.012 0.91 o.s0 o.o0 o.50 0.91 r.22
43'1 .g5 * 0.012 1.06 0.58 0.00 0.58 1.06 1.45
438.16 * 0.012 1 .19 0.65 o. oo 0 .5s 1. 19 1' 56

438 .3'7 * 0.012 1.31 0. ?1 o. 0o a -'7r 1.31 1 '4',7

438.5'? * 0.012 a.42 0.'7'7 0.00 0 -'l'7 r.42 2.41
438 .'t'1 * O.012 1,52 0.A2 o - OO A .A2 I.52 2.27
438.97 * O-072 L.62 0.88 o.oo 0.88 1.62 2.4',7

439.18 i 0.012 r-'77 0.93 0.00 0.93 1.71 2.68
439.38 * 0.012 \.'79 0.98 0.OO 0.98 !.79 2.88
439.60 * O.Ol2 L-8'7 1.02 o.oo 1.02 L.87 3'10
43g.A'7 * O .OL2 1. 95 1. O? 0. OO 1. 07 1.95 ****t 3.37
440.15 * 0.012 2.OL l.!2 o.OO 1.12 2-01 3.65
440.45 * 0.012 2.08 1.16 0.00 1.16 2.OA 3.95
440.77 * 0.012 2.L3 r.20 o.o0 r.20 2-1-3 4.2'7
441.11 * O.012 2.L9 1.25 o. O0 r '25 2.!9 4.61

441 .4'7 * 0.012 2.23 r.29 0.00 7.29 2.23 +**** 4.97
44r.52 * O-Ot2 2.24 L.29 o.OO !-29 2.24 5.02
447.62 * 0.012 2.25 1.31 0.OO 1.31 2.23 5.72
44L.70 * o.012 2.26 1.31 o. OO 1.31 2.26 5.20
44L.7'? * 0.012 2-26 7.32 o.OO r.32 2-26 5.27
441.83 * 0.012 2.2'7 1.33 0.00 1.33 2.27 ***r'* 5.33
441.88 * 0.012 2.2'1 1.33 0.00 1.33 2.27 s 38

441.93 * 0.012 2.28 r.34 0.15 1.34 2'28 5.43
44r.97 * 0.012 2.2A 1.34 0 .39 1. 34 2.28 5.47
442.OL * 0.012 2 -28 1.3s O .?'7 1.35 2.28 5 ' 51

442.05 * 0.012 2.29 1.35 1..05 1.3s 2-29 5.55
442.09 * 0.012 2.29 1.36 1.33 1.36 2.29 5.59
442.L2 * O.Or2 2-29 1.36 7.62 1.62 2.29 5.62
442.L6 * O.012 2.30 l-.36 1.93 1 . 93 2.30 s.66
442.19 * 0.012 2.30 ),.3'7 2.24 2.24 2.30 5.69
442.22 * 0.012 2.30 1.3? 2.s7 2-5'7 2-30 5.72

10.00 1.45
1,2.50 1.66
15.00 r.a7
17.50
20.00
22.50 2.47
25 -OO 2 .64
27 .50 2 .88
30.00 3.10
32 .50 3 .3'7I

I

I

40.00 4.27
42.50 4 .6L

45.00 4 -9'7
47.50 5 .02
50.00 5.L2
52.50 5.20
5s.00 5.27
s7 .50
50.00
62 -50 5.43
65.00 5.47
67 -50 5.51
?0.00 5 .55
72-50 5.59
?5.00 5 .62
'17 -50 5.66
80.00 s.59
82.50 5.72

-
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85.00
87.50
90.00
92 .50
95.00
97.50

100. 00
102 . 50
105.00
10?.50
110 . 00
112.50
115.00
11?.50
120.00
722 - 50
125.00

5.80
5. 83
5.8s
5.90

6.10

5 .25
6.29

2 .30
2.3r

2 .9'7
3.35

4.02
4.36
4."tr
4.92
5.14
5.28
5.39
5.49
s.59
5 .6'l
5.',76

442 .25
442 .2'7
44) 10
442 .33
442 .35
442 .40
442 .46
442 . 51
442.56
442 .60
442 .56
442 .7 r
442.'15

442 .84
442 . AA

442 .92

* 0.0r2
* 0.012
* 0.012
r, 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012* o.or2
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012
* 0.012

2 .30 1 .3?
2.3r r .37

2.37 1.38

2.3r 1.38
2.31 1.38
2.31 r..38
2.31 1.38
2.31 1.38
2.31 1.38
2.3J, 1.38
2.31 1.38
2.37 1.38

2.31 1.38
2.31 1.38

2 .90 2 .90
3.24 3.24
3.60 3.60
3.96 3.96
4.33 4-33
4.'72 4.72
5.11 5.11

6.r7 6.L'7
6.43 6.43
6. s8 6.58

6.A2 6 .42
6.93 6.93
'7.O3 7.03
'7.I2 7 .12

5.'75
5 .'7'1

5. 05 5.80
5.43 5.83

5.90 5 .42
5.96 4.94
6.01 4.45
6 ,06 3 .94
6.10 3 .65

6.25 3.r'1
5.29 3.08
6.14 3.01
6.38 3,06
6,42 3.01

I
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Appendix G

Calculaft'ons.'
F reeboard, EmergencY SPillwaY,

Outfalt Pad Sizing, and Discharge Velocity



Appendix G

Calculations:
Freeboard, Emergency Spillway,

Outfall Pad Sizing, and Discharge Velocity
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Project-specific data:

Project location:

Design wind spe€d
for normal pool:

for peak stage:

Fetch (feet)

Fetch (miles) =
Avs. depth (ft) =

.30
210

0.04
b

Madsen Creek Pond (King County DNR&P); Dam Safety file no' 

- 
l

Calculation of reservoir freeboard
Reference: Guidelines, Part IV, Section 4 6

lRrBl,[3/22/02]

Westem Washington
U, mph Clable 1, P. 4-39)

page I of 2

Key equations:
Wind/wave freeboard Fw = Sw + Rw

Wind sebup 5" = (U^2)' F / 1400 - D
Wave run-up Rw = Cr " Hs

Reference :

Note: pond will be vegetative where possible

Note: this is the average slop€/interpolated value

Note: this is the 100-year water elevation

Note; construction will ov€rbuild the embankrnent

Note: reason why WL set at 441.17
Note: inside average slope set 5:1

. Compare to min. design freeboard
2.0 ft. from Table 4, P' 443

for normal pool conditions

Wave height, feet (Iable2, P.4-41)
for normal pool: ''"'0-65

for peak.stage: 0.35

Wave run-up coef{icient Oable 3, p. 4-42)

dam face: grass I riPraP

upstteam slope: 5 H:1V
coefiicient: .1 ,''i

Dam height (range) :

Size classification:
W.L. at normal pool (feet) =
W.L. at peak stage, due to

inflow design nood (feet) = ''i14ffi
Dam crest elevation

per plans & specs (feet) =

Normal freeboard (WL at normal Pool):

Wind set'uP Sw (feet) =
Wave run-uP Rw (feet) =
Wind/wave freeboard Fw (ft.) =

Allowances for:
Embankment settlement (ft .):

Design/oPeration uncertainties:
Geologic hazards (ft.):

Tocal treeboard (feet) =

0.01

0.66

0.0
0.0
0.0

0.66
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Madsen Creek Pond (King County DNR&P); Dam Safety file no. 

- 
l

Calculation of reservoir fr eeboard
Reference: Guidelines, Part IV, Section 4.6

[RlBl,l3l22lo2] Page2of 2

Minimum freeboard WL at peak stage):

Wind set-up Sw (feet) = 0.00

Wave run-up Rw (feet) = 0.35

Wind/wave freeboard Fw (ft.) = 0.35

Allowances for:
Embankment settlement (ft.): 0.0
Design/operationuncertainties:,,,,1r ..0,0
Geologic hazards (ft.): i'-:'.:.,,.- 0.0

Tocallreeboard (feet) = 0.35

Note: construction will overbuild the embankment
Note: reason why WL set at 441.17
Note: inside slooe set 6:1

Compare to min. design freeboard

:;:r1gffjpl ft. from rable 4, P. 4-43
for peak stage conditions

Froeboard summary:
Normal pool : Required

Calculated (feet) : Q.7

Min. design (ft.) : 2.0

Actual
z-J
2.3

Excess
1.7
0.3

Peak stage (lDF):
Calculated (feet) :

Min. design (fr.) :

0.4 1.7
0.5 1.7

1.3

Required dam crest elevation:
Based on normal pool and freeboard:

Based on peak stage and min. freeboard:

Compare:
Dam crest elevation per plans I specs:

443.2 ft.
442.3 ft.

443.5 ft.

lEndl
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TABLEI-SUGGESTEDDESIGNWINDSPEEDSFoRAREASoFLIMITEDDATA

TABLE 2. ESTMATION OF WIND GENERATED WAVES

TABLE 3. VALIJES OF TI# COEFFICIENT OF WAVE RUNI'P

TABLE 4. DESIGI{ MINIMUMS IN SELECTING RESRVOIR FREBBOARD

RE6€n 06 reOAnO FCEtt 3IIAII DAfl ITM|llCOAT TAACE OAI

IIOR'IAL FREB{'AR' ttx, ga0 6lxt

r|fttrtj|r Fn@oano o.Eo o.t6 iJo

t
t
I
I
I
T

t
I
t
I
I
T

T

ca{cn^uzcD DE3|ofl lltfo 8?cED8

w Stl{cTofi Locallox

AKIGICAIIT WAT'E HGIOfII fEETI

6i,ATASICD
wta{o stfED

EFfCCflVT ETCr| O ,e6l

.o5 .lo .E .60 I 2 6

20 MPt{ o.eo o.9 O.,+5 o.60 o.a5 1.20 't.75

30 MPrl o.3Ii O.,15 o-€ o.90 1.30 1.75 2-70

40 MFil o.45 o.60 o-eo t -25 1.76 ?.15 970

50 MFtl o-55 o.75 1.15 r.Go 2-m 3.OO L70

@ lriFrl o.65 o.00 t -,1{t r.00 2.70 3-60 5.70

7() MPtl o-?5 r.i 5 l.@ 2.25 3.20 4.gt 6.70

80 MPH o.9(} LM r.a5 2-6x) 970 5.@ 7.@

so uFtl t.oo t -35 2.to a@ +m L70 aso

roo fafH l.l6 1,50 2-10 3.l|{} {.70 O./|{, iqoo

cocFcrxr oF wavE ru$r lcJ

DAta f^c€
8LOP€ OF U?STn€A FAC€ OF OAM Ol:V'

1.6:l 2.7 *t 4:l G:1 'I O:l

Cofiorrta f.ct{ 1.7 2-5 2.2 t.a t-3 o.a o.5

c.... aln d 2.3 2-O 1.6 t.2 o-a o,5

Rb.!p t.4 t.3 1.2 l.o o-7 O.il

\w*- wa-&I,*=



Emergency Overflow Splllway Capacity
The cmergency ov€rflow spillway weir section shall be desigDed to pass the I O0'ycar runoff event for
developed conditions assuming a broad-crEsted weir. The broad-crested weir equation for the spillway
section in Figurc 5.3.1-8, for example, would be:

Qm = c (}g)tn 121, LHn +81r, 6an 91 Hn1

where gt* = pe.k flow for the l0Gyear runoff event (fos)
C = discharge coefticient (0.6)
g = graviry (32.2 ftlsec')
L = length of weir (ft)
H = height of water over weir (ft)
0 = algle of side slopes

Assuming C= 0.6 and Tan 0 = 3 (for 3:i slopes), the equation becomes:

Qw = 3.21 (LIln + 2.4 Hn)

(5-l)

(s-2)

To find width I for the weir section, the equation is rearranged to use the computed 0roo and trial values
of II (0.2 feet minimum):

L = [Qtoo t (321 rt5] -2.4 H or 6 feet minimum (s-3)

I
I
T

I
I
I
I
T

I
I
I
T

I
I
I
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I
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FIGt'RE 53.1.8 WEIR SECTION FOR EIITERGENCY OVERFI,OW SPILLWAY

4M,a

=\ 441.7

emergency overflow
water surfa@

03'Ei!.

.o,

overflow
water

surface

T€ble 4.4.1 A

t998 Surfacs wotcr DcsiSn M&nal



I
I
t
I
I
I
I
T

I
I
I
t
t
I
I
I
I
t
T

Emergency SpillwaY Capacity

o H 3.21H^'1.5 2.4-H L

(cfs) (ft) (ft)

19.97 a.2 0.287 0.48 69.07

19.97 0.25
19.97 0.26
19.97 0.27
19.97 0.28
19.97 0.285
19.97 0.286
19.97 0.29
't9.97 0.3
1e.e7 @
19.97 0.35
19.97 0.36
19.97 0.386
19.97 0.4
19.97 0.44
19.97 0.443
19.97 0.45
19.97 0.5
19.97 0.6
19.97 0.7
19.97 0.8
19.97 0.844

0.401 0.60
0.426 0.62
0.450 0.65
0.476 0.67
0.488 0.68
0.491 0.69
0.501 0.70
0.527 0.72
0.609 0.79
0.665 0.84
0.693 0.86
0.770 0.93
0.812 0.96
0.937 1.06
0.946 1.06
0.969 1.08
1.135 1.20
1.492 1.44
1.880 1.68
2.297 1.92
2.489 2.O3

49.17
46.30
43.70
41.32
40.20
5U.YY

39.14
a', 1A

32.03
29.20
27.94
25.O1

23.63
20.26
20.04.
19.53
16.40
1 1.95
8.94
6.77

'" .6=.Q0:.:::

Min H

Min cut from FB

Optimum L

K's desired L

Min L

' '-t 
'll'ob1'SolacfrtA L'2I 

. D.b"t,hlu,nhl' ,{ wo'r. o')'l r d')
ut(l top - 444'* 

. r' N.p'r x("'n h"tt ' 4'11 - )' Ln ' '14f i

\forr, n-i. loL'\ Yr .z'i = 441 ';7

:t 'h'+bto"i "''-, dlt wur tl 4J2.' l7 -: 4.1 2.!. 1 :t aL
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FIGURE 4.2"1.C CIRCULAR CHANNEL RATIOS
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SECTION 4,2 PIPES, OUTFALIS, AND PUMPSI
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'|,000
900
800
700
600

500

400

300

.000t -

.0002

.0003

.0004

.000s

.0006

.0001

.o002

.0003

.ooo4

.oo05

.0006

.oo08

.001

.001

.oo2

Minimum
Allowable
Velocity'

(Flowing
Full)

<! z
o
ulo
ltl

F
ul
IU
u-

z
tsooJ
ru

:ooe E _..-
.ooz oy -'/
.QM'e
:005 0
.006 tL

.oos H

.olo 9
a)

SAMPLE USE

24: dia. CMP @ 2% slope yields
'l Tcfs @ 5.4 fps velocity
(n.o.024)

Values per Manning's equation
q= 1 !.19. ) A*/s s.t/e

n

This table can be converted
to oth€r h'values by apPlying
formula:

Ql n2
02 =;

.o20

.030

.040
'.o50
'.060
'.o80
'.100z{''r9"

t
t
t
T

FIGTJRE 4.2,1.F NOMOGRAPH FOR SIZING CIRCULAR DRAINS trI,OWING FIJLL
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4.4.I OPEN CHANNELS _ DESIGN CRITERIAI
I

'asls, .{,1rA,,llirANi(,8l,'pnOrtdt

Velodty at Oesigm
Flow (fps)

REOUIRED PROTECTION

Greater
than

Less than
or equal to

Type of Protection Thickness Minimum Height
Above Design
Water Suriace

5 Grass lining
or

bioengineered lining

TI/A

I Rock lining{t)
or

bioengineered lining

l loot 1 toot

I 12 Riprape) 2 leet 2 leet

12 20 Slope mattress gabion,
etc.

Varies 2 feet

(1) Rock Liiring shall be reasonably well graded as follows:

Maximum stone size: 12 inctEs
Median stone size: I incfies
Minimum stone size: 2 inches

e) Riprap shall be reasonably well graded as follows:

Maximum stone size: 24 inches
Median stone size: 16 inches
Minimum stone size: 4 incfies

Note: Ripnp sizing is govemed by side slopes on channel, assumed to be approximately 3:1-

Fiprap Designz

When riprap is set, stones arc placed on the chaanel sides and boEom to protect the underlying material

from being eroded. Proper riprap design requires the determination of tbe median size of stong the

thiclmess of the riprap layer, the gradatioo of slotre sizes, and the selection of angular stones which will
iaterlock when placed- Research by the U.S. Army Corps ofEngineers has provided cdteria for selectiog

the m€dian stone wetght Wso (Figure 4.4.1A. p. 457). If the riprap is o be used in a highly tttbulent
zone (such as at a culv€rt oudall, downstream of a stilling basin, at sharp chatrges in channel geometry,

etc.), the median stone W56 should be inqeased ftom 20O% to 6fi)% depending on the severity of the

localy high turbulence" The thickress of the riprap layer should generally bc twice the m€dian.stone
dlorncter (!)s) 61 at least thar of the maximum stone. The riprap should have a reasonably well graded

assortment of stone sizes within the following gradation:

t.25< D*ilDn S l.5O

Dry'Dro = 0.50

DaJD*=Q.E
For a more detailed analysis and design procedure for riprap r€quiring wat€r surface profiles and estimates

of tractive forcc, refer to the paper by Mayn ord et al in Journal ol Hydranlic hginzering (A.S.C.E)' l'lJy
1989.

? Frotn a paper preparec by M. sct|a€fer, Dam Sdety S€dim. Wa6fihgbo Stab D€psthsnt ol Ecobgy.
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4.4.I OPEN CHANNEIS _ DESIGN CP'JTEff,IAI
T
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FIGT'RE 4I.I.A
MEAN CHANNEL VELOCITY VS. MEDIT'M STONE WEIGIIT (W5O) AND EQUWALENT STONE DIAMETER
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WATER RESOURCES PROGRAM
DAM SAFETY SECTION

APPLICATION FOR DAM CONSTRUCTION PERMIT
$500.00 initial non-refundable payment required with application

or $10.00 Fee for Dam Removal
(CRAY BOXES FOR OFFICE USE ONLY)

I
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I

[{0[0cr

File No. Coutrty Cod€ WRIA Daae Rec'd Itritid Fe€ Prid

r. OWNER INFORMATION
Owner's Name

King County Department of Natural Resources & Parks (DNRP)

Telephone Number

(206) 296-8371

Mailing Address (Street or P.O. Box)

201 South Jackson Street, Suite 600

(city) (state) (zip)

Seattle WA 98104-3855

2. PROJECT ENGINEER INFORMATION

Project Engineer for Dam Design:

Don Althauser

Tclephone Number:

(206) 296-8371

Address (Strcct or P.O. Box)

201 South Jackson Street, Suite 600

(city)

Seattle

(State) (zipJ

98104-3855

washington State P.E. #

29623

Expimtion Date

11n5t03

Project Engineer for Oversight of Dam Constructioni

Don Althauser

T€lcphone Number:

(206) 296€371 .

Ad&ess (Street or P,O. Box)

201 South Jackson Street, Suite 600

(city) (state) (zip)

Seattle WA 98104-3855

Washington State P.E. #

29623

ExpiFtion Date

1125tO3

4. PROJEST INFORMATION
Project Name:

Bonneville Power Administration (BPA) Madsen Creek West Basin Water Quality lmprovement
Desiqn
Dam Name(s) (Also List Names of All Impounding Stmcrures Associated with Project)

None
Rescrvoir/Impoundmcnt Name:

BPA Pond

New Construction E Modification ofExisting Dam I Dam Removal !
Name ofStream (IfOffstream, Write offstream and Name ofNearest Sream)

Offstream - Madsen Creek

Location ofDam
(lncludc Map Showing Location of
Project)

Section Township N.

ZJ

Range (E. or
w.)
5E

County

King

Locatiotr of Dam Lrtitude Irngltude

D/02- l:Ml l0 (!2Jl02) Page 1
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Ken Gresset
(Namc of Project Contact)

(206) 296-8314
(TclcPhooc Numbcr)

4. PROJECT INFORMATION

Pr.r'ose .f D". R.t"*"(w*, S,,pply' Recr€aiion' Power' Fish Propagation' ctc')

illuoi. Op"ration Class (Permanent, Scasonal' or ln'€minent Pool)

DlFnrt."urn H"-td Classilication (Class lA, lB' lC' 2' or 3)

lf yes, Name of Agency
Is Dam Regulated bY FedeEl Agency?

Ifyes, FERC License #
Is Dam a HYdroPower Project?

ls Dam Constructcd on Fedcral Land?

H"r t""-* E^*"*t"*"rch""klist Been completed in Accordance with sEPA?

@nd/or Rescrvoir storage permit is Needed?

iroposed Dam Height (Crest to Toe)

xamples: Homogeneous Earthfrll' Zoned Earthfi ll'

Concrete Gravity)

Zoned Earthfill
ArticiDated Date Constuction will Be Completed

Prcposed Date of Construction Startup

Notnb€f ofA".o Subln"rged at Normal Full Pool

ffi-bo of A"."-Fot to bc stored at Nonnal Full Pool

18.36 acae-feet at elevation - 14!.ll.1l f-.lij! lGvea! storm

Fb.r of A"t"-F""t that can be stored at Dam c*st L€vel

7. PROJE T OPERATION

i[o-o witt g-o wilt g" noponsiblc for Projcct op€ratioo & Maintenance?

Wh" Wtll B" R*p.*iblc for Projec( Insp€ctions & Monitoring?

D/@-l:Mtl0 (lU!2n2)
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